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Page 265, line under equation, parentheses should be closed after “(l-e”*"*.” 
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INTliODUCTION 

Tlie (loterniiiiiitjon of llie niiniiniiiii aiiiouiits of different nutrients 
required for the oi)tinmm p’ovvth of various crop plants has been the 
sulqect of considerable research. Much of this has been conducted 
specifically to determine the minimum phosphorus requirements of 
certain plants. Extensive studies of this type have l)een conducted by 
Parker (I7)r Tidmore and Sommer on various plants, 

including corn, cotton, tomatoes, and buckwheat, ^rowin^ in solution 
cultures; but practically no work of a similar natui-e has been attempted 
on potato(*s. 4'he present research was undertaken to determine the 
minimum lev(d of phosphate (PIL) reejuired by potato plants as indi- 
cated by their growth responses in solution cultures and to study the 
effect of the supply of phosphate on the amount of phosphorus ab- 
sorlx‘d and its (listi’ibution within the plant. 

In a critical study of the minimum phosphate requiremejits of potato 
plants low concentrations necessarily must be employed if the amount 
sup]ilied is to be kept at all representative of soil conditions. This 
fact has been established through the analyses of soil solutions by 
Burd and Martin and Parker and Tidmore (18)^ who found that 
the POi content of the soil solutions from productive soils is of an un- 
usually low order — occasionally as high as 2.5 to 3.0 p. p. m. but more 
frequently less than 0.1 p. p. m. The ability of plants to al)Sorb phos- 
I)hate from solutions with PO 4 concentrations similar to those found 
in the soil solution has been known for many years, as pointed out by 
Teakle (JJ). Among those cited on this point by Teakle are Birner 
and Lucanus (J) and Beyer (i?), who, prior to 1870, obtained normal 
growth of oat plants in well water containing 2 p. p. m. of PO4, and 
,Schloesing (1,9) and Kossowitsch (U), who obtained similar results 
about 30 years later, l^sually, however, plant growth in solution 
cultures differs somewhat from that in soil ; nevertheless, the mineral 
absorption and growth capable of being obtained in solution cultures 
are generally considered satisfactory as a measure of the nutrient 
responses of plants. 
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MATEKIALS AND IMETllODS 

Tlie jjrowiii^ of potatoes in tlie ^reonhonse, and in solution cultures 
in particular, presents some problems seldom eiicouidered with other 
typos of plants. Skinner (;:^/), Johnston (/^>), and Newton (/6') grew 
jmtatoes in solution cultures and fully recognized the nature of the 
])roblems involved, but they were unable to devise satisfactory equip- 
ment or a suitable technique to overcome these ])roblems fully. The 
ideal e(juipment for gj’owing jxdatoes in nutrient solutions should pro- 
vide for the ])lant and the t\ibers a means of supj)ort that will allow 
them to glow above the solution and yet in no way interfere with its 
nutrient value. Figures 1 and 2 show the type of eiiuipnumt designed 
to meet these requirements. The plant is support eil directly on a 
square of t,s-inch mesh nylon screen ” tacked in place over a o-iiu'h 
opening in the wo^xlen substage. As used in these experiments, nylon 
|)roved to be an ideal material for sui)po!ting the jiotato roots and 
tubers. The same nylon screens were used rejieatedly in ditferent 
( xperiments, subjected to alternating dry and wet conditions, and even 
exj)osed to mold growth without developing signs of deterioration or 
of failure to ])rovide suitable support. 

Other problems encountered when potatoes were grown in solution 
cultures relate to the propagation of the plants. It is essential, of 
course, that the seed potatoes used shouhl be free from diseases and 
also capable of producing vigorous sprouts. The s(ed potatoes used 
in the jiresent work wer(‘ Afaine-grown Green Mountain stock fri^e 
from viruses except the X virus present to some extent in nearly all 
seed potatoes. I'he follouing pro(*edure was used to gi'ow tlu' potato 
)>lants and transfer them to the nutrient solutions. Seed pieces of 
uniform size (about 25 gm.) were cut and then i)lanted in washed 
building sand in which they were allowed to laanain for about days 
or until the sprouts w(u*e to IMU inches long and the root^ tl tf) K inches 
long. Mnienevei* necessary the rest period was broken by tivatment 
with potassium thio(*vanat(*. Wheti the plants had reachcxl the proper 
size, they Avere caiefully rimove** from the sand and washed in a 
stn»um of tap water. One plant was placed on each nylon-screen 
support with its roots passing through th(‘ V.s-inch mesh and its stem 
and small leaves protruding from an o))ening i>rovided in the u{)per 
lid of the wooden support. AVhen transfei’ was conqdcted, the su])])oi’t 
and plant Averc immediately placed on the nutrient solution. 
(\)tton Avas then packed around the stem to exclude light from the 
loAver conit)artment of the support and to prevent the subsequent 
deA^elopnjent of ATgetative tuber stolons. Normally about 5 days 
elapsed before the plants re(‘overed from the eflV(*ts of t)*ansfer to the 
solutions and growth was i-esumed. 

Whether the potato seed piece should be left attached to the yf)ung 
plant- or should be removed after the reestablishment of growth is a 
question that had special significance in the present iuA^estigations. 
Tf the seed piece Avas left attached, the plant naturally could obtain 
from this source a small amount of phosidiorus (approximately 25 
mg. in the seed piece before sprouting); when the sc*ed })iece Avas 

® The nylon screen was supplied by R. I. dii Pont de Nemours & Co., Wilmington, 
Del. 
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Figukk 1 — Appaniliis dosigiUHl tor growing potatoes in solution cultures: A, 
Plant and seed picci' resting on a nylon screen at time of transfer to the solution 
culture; H, plant at time of harvest, showing tuber formation and root 
developimmt 
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removed, however, tlic j^^rowth of tlie plnrit was stunted and conse- 
quently the yield of the tuhei^; was reduced. Appleman (i) experi- 
mentally demonstrated the lieneficial elfects exerted by attached se(Hl 
pieces on tlie growth of potato sprouts, and Johnston ( 11) reported a 
marked reduction in height and diy weight of potato plants wlien 
the seed pieces were removed. Similar results wei'e also obtained by 
the writer after seed pieces wen* removed from potato ])lants ^rowji 
in /L^ravel cultures. In view of these results and the unifoi’in seed 
stock used, the seed })ieces were left attached in the ])resent investiga- 
tions. The exceedingly small amount of phosphorus that, could be 
sujqjlied from this source was considered of little significance in 
comparison with the total amount recjuired by the plant; the error 



Figure 2. — General view of .soliitioii-cultiire apparatus in operation in greenhouse, 
showing system of aeration, earthenware containers, and lloat gages. 


thus introduced undoubtedly was greatly outweighed by the benefits 
derived from the favorable growth- promoting effects of the attached 
seed pieces. 

The potato seed piece normally contains enough nutrients to pro- 
duce sprouts if ke])t inider proper conditions for growth, but unless 
the young plant obtains additional nutrients by the time the roots 
have formed its terminal growth will soon be checked and the subse- 
quent growth will be poor. The question of nutrient supply becomes 
one of particular importance when the plant is grown in solution 
cultures, especially when the effects of volume and (amcentration are 
considered. Johnston and Hoagland (IJ) called attention to the im- 
portance of the concentration and supply of nutrients in culture solu> 
tions and pointed out their similarity to the intensity and cajiacitv 
factors of hydraulics. Theoretically, under ideal conditions the nutri- 
ent solution should provide the plant with a constantly uniform supply 
and concentration of the element being studied and in addition should 
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supply a sufficiency of all other elements recj^uired Actually, however, 
it IS very difficult to meet these ideal conditions. The c.ontimious-flow 
culture may ap])roacli this ideal, but even with this metliod the degree 
of uniformity attained depends upon the interval between renewals 
of sedation. The continirms-flow method also requires extensive 
equijunent which was not available for the present study; so an alter- 
nativ(‘ inethod of (*ontro] was used in which large volumes of solution 
for the individual cultures were employed. These culture solutions 
consisted of a])proxiniately liters of solution per jdant in large 
vitrified eaithenware c!*o(‘ks fitted with the plant su])ports described 
on page 2. Each culture was provided with a calibrated float gage 
so that evaporation and trans])iration losses could be replaced daily, 
ther(‘bv maintaining an almost constant volume of solution with the 
surfare one-half inch below the nylon-screen sup])ort. Each culture 
was also a(‘rated continuously by a gentle flow’ of air sufiicient to keep 
the solution constantly agitated. 

I'he nutrient solutions w’cre made up with tap w’ater and the chem- 
ically pure salts listed in table 1. These salts, except for those of iron 
and the minoi* elenumts, were added from 2-molar stock solutions in 
amounts suflici(*nt to provide the calculated concentration of each 
element indicate<l. Kxcej)t for the minor elements and for phosphate, 
w’hich was varied, the calculated comj)osition of the solutions was 
similar to that of solution 1 recommemled by Shive and Robbins 
{M>), At the time the nutrient solutions were made up, they were 
adjusted within th<* reaction range ))H 4.0 to 5.0 with 0.1 N sulfuric 
acid; thereafter they were readjusted at intervals throughout the 
course of the ex|)erlments. '^Hie range ])H 4.0 to 5.0 w’as selected 
because the results of a series of tests made during the growing season 
on a number of soil samples from potato fields in the Atlantic Coastal 
Plain sliowed a j)revailing reaction below’ ])H 5.0. 


Tamik 1. — VaU'uJatrd coifi position- of nutrivni solutions before addition of the 

phosphate 


Sail (i’ p ) 


(’ulfiuiii intrat<* 
Potassiiiui dilorid** 
MiiKiU'suiiii sulfuir 

Vitiriioiiium sulfato 

Hone aejd 

ManKiiTJous sujfale 
('opper sulfate.. .. 
7Anv sulfate . , 
Feme eitrale. 



Solution A 

Solution B 

Xulneiit 

J' p m 

MiUi- 

eiiuivalents 
per liter of 
solut ion 

1 *. p. m 

Mllh- 

eqiii valent. s 
lH‘r liter of 
solut ion 

fCii 

IKU 32 

y 00 

180 32 

9 00 

INO 3 

AW 07 

y 00 

5W 07 

9.00 

fK . . .. 

sy ya 

2 30 

89 93 

2 30 

\ri. . -- 

81 

2 30 

81 50 

2.30 

/Mk 

.V* 94 

4.60 

5,5 94 

4 60 

\S(N 

220 91 

4 60 

220. 94 

4 60 

IMlj - 

2:1 83 

1 40 

11 91 

70 

\S04 

1 07. 24 

1.40 

33. <>2 

.70 

H 

1 .189 

. 0515 

.094 

.0258 

'/Mil i 

1 .2»52 

. 0095 

.065 

.0024 

\S04 I 

1 ,4W 

. 0095 

. 115 

. 0024 

l/Cu .. I 

1 .272 

. 0086 



\S 04 

.411 

.0086 



fZn 

.242 

. 0074 



,{S04 - 

356 

.0074 



; Fe 

1 

3.0 

.1612 

3.0 

’'.'i6i2 


It w^as intended that an excess of all nutrients other than phosphate 
should be maintained in the nutrient solutions, and occasional colori- 
metric determinations made on solution samples showed that this 
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was accomplished. The levels of phosphate in the solutions, how- 
ever, were maintained by making ])hosj)h()riis determinations on fil- 
tered samples at least once each weekday and addiji^ PO4 as recpiired 
from a solution of monopotassium phosphate. It was not possible to 
make ajiy tests or additions of PO4 on Sundays. Phosphorus was 
determined with a photoelectric colorimeter by the Denigos method 
as outlined by Truo^ 

Ferric citrate was added to the fi’esh nutrituit solutions at the rate 
of 3 p. p. ni. of Fe, and thereafter 1 p. p. m. of Fc was added at weekly 
intervals or as needed. No evidence of iron chlorosis appeared at any 
time while this 2)roceduie was being followed, but the iron additions 
caused a gradual j)recipitation of ferric jihosjdiate, which accumulated 
in the bottom of the tanks. Although this preci])itate was insoluble, 
an attempt was made to avoid its formation by supplying iron to the 
plants in separate solutions. To evaluate this procedure there was 
run a special test in which jdants were grown in the large tanks with- 
out iron but were allowed to remain overnight several times a week 
in separate solutions containing 5 or 10 p. j). m. of Fe. After eacli 
treatment the plant roots were thoroughly washed in ta]) watei* befor(‘ 
being replaced in the regular solutions. Within 10 days the growth 
of these plants was markedly affected; the leaves hail developed a 
dull, light-green color and subsequently the terminal growth stopped 
After 50 days only very small tubers had formed. It was concludeii 
that this method of siqqilying iron, although d(*sirable for the reasons 
stated, was unsatisfactory for growth of the potato jilant. Although 
direct addition of ferric citrate to the nutrient solution was obj(‘ction- 
able because of the gradual ])recipitation of ferric phosphate, the 
growth resjamse of the plants by this ])roce(lure was satisfactory and 
there were no signs of iron deficiency. Under these conditions, how- 
ever, the disappearance of j)hosphate from the nutrient solutions could 
Jiot be taken as a measure of its rate of absorption by the ])lants. 
Therefore, an attempt was made by frequent renewals of phosphate 
and by use of large volumes of solution per j)lant to maintain a fairlv 
constant control of the j)hos}jhate concentration of the solution in con- 
tact with the plant roots and to indicate ])hosj)horus absorption by 
chemical analysis of the plants. 

KX 1 *Kn I MENTAL KKS I T /I S 
KXrKrUMENT 1 

The first experiment was conducted with nutrient solution A (table 
1) with five levels of r()4 — 0.0, ;U), 1.5, 0.0, and O.JJ p. p. m. Each 
nutrient culture with one potato plant was replicated three times at 
each })hos2)hate level. The (ireen Mountain potato plants were trans- 
ferred to the solutions on De<*ember 8, 194»3, and harvested on F ebruarv 
8, 1944. 

Growth Data 

Growth ()f potato tops, although not necessarily a reliable index 
of tuber yield, may be used nevertheless as an indication of nutj'ient 
response. Accordingly, the rate of top growth was determined by 
measuring the height of the plants each day. The results of these 
measurements are plotted at lO-day intervals in figure A, It will 
be noted that after 40 days the jffants at the levels of 0.3 and O.C p. p. m. 
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of PO4 showed definite reductions and finally cessation of ffrowth, 
whereas the jdants at higher PCX levels continued to grow. Ine fail- 
ure of the plants in general to make quantitative growth responses 
according to the amounts of PO4 in the solutions is no doubt due to 
inherent iri-egularities in the toj> growth of individual plants, which 
occur normally in the potato. Because of this fact generalizations 
cannot be* attempted with a small number of plants, bul from the rates 
of growth obtained after the plants had been on the solution 40 days 



Fi(;TJia] a. — (’urv<*s sliowinji: av(*raK*' and number of 

<Ia.vs on solution of jiotato plants j;rowii on nutrient solutions containing dif- 
fenait conoont rat ions of pli(»spbale: .1, Experiment 1: li, experiment 2. 


it would aiqiear that under the conditions of the exjieriment a PO4 
concentration greater than O.t) ]). j). ni. wtis ivquired for optimum to[) 
growth. 

cniicMiCAL Data 

At the end of a G2-day period the plants were harvested and sep- 
arate dry weights were obtained for the leaves, stems, tubers, and roots 
dried at 55® C, for 48 hours. The dried material was then ground in 
a Wiley mill to pass a 40-inesh sieve. Samples of the dried material 
were ashed, and phosphorus was determined by the method of Fiske 
and Subbarow (7). The resulting data are presented in table 2. 

The data in table 2 show clearly that a definite reduction in the 
amount of dry matter occurred Avhen only O.b or p. p. in. of PO4 
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was supplied in the nutrient solution. When the PO4 content of the 
solution was raised to 1.5 p. p. in., more dry matter was produced; but 
further increases up to (>.() p. p. m. had little effect. It is of interest to 
note (table 2) that the two l')wer PO^ levels produced increases in the 
root-top ratios. This is in agreement with the results obtained by 
Sommer (22) with tomatoes, cotton, and wheat. It is apparent in 
the present case, however, that the increas(*s in these ratios were 
(*aused by marked reductions in top growth and not by inci-eases in root 
growth, as found by Sommer. 

Tabi.k 2 . — Tuiitl <iiy trriffUla and phosphitniH aontrnt of and phosphonift ahnorhvd 
hy potato plants ynum for (U days in nutrient solutions eontaininy rarUais 
quantities of POa, experiment 1 


fValueH based <>ii plants ea<‘li jrrown in an individual solution at tin* UO^ level indi(‘ated] 


1*04 content of niitnent solu- 
tion and plant part 

Total 
dry weight 

1 

Hrot-top 

ratio 

Phospho- 
rus content 
(diy. 
weight 
basis) 

Amount of 
phosphfiriih 
absorbed 
by plants 

I*hosi)horu 

soil! 

Added 

in nutrient 
tions 

Hecoveri'd 
in plants 

().0 p. p. m 

(irama 


Percent 

Milltmnls 

; Millunoln 

Percoa 

nenv(‘s 

f)? T) 


{ 0 73 

13 5 

\ 


Stems - 

10 3 



3 5 



Tubers ... 

117 0 

0 118 

1 5t*> 

21 I 



Hoots . . 

« 7 


1 2 25 

f) 3 

i -- 

.. . . 

Total - ... 

190 0 



44 4 

1 78 0 

5t) 0 

8.0 p p. m. 







Leaves 

45 4 


f 70 

11 0 



Stems - . 

11 5 


J 55 

2 0 



Tubers. . . 

107 4 

10< 

1 40 

15 0 



Hoots -- 

0 1 


1 2 47 

4 0 



Total - 

170 4 



34 4 

58 4 

58 0 

l.S p p in 

1 






Leaves . 

1 40 1 

1 

[ f.2 

1 0 8 



Stems 

1 13 0 


j 43 

1 1 8 



Tubers 

118 8 

[ 118 

1 

1 18 4 



Hoots.- 

7 3 

J 

{ 2 33 

1 

i 


Total 

188 2 

- ... 1 


35 5 

f-'* 

73 3 

0.0 p. p. in.- 

1 






Leaves . ...... 

33 7 



3 4 


1 

Stems - - - . 

7 7 


1 20 

(j 



Tubers 

03 7 

12n 

j 33 

10 0 



Hoofs -- - 

5 2 


1 1 02 

3 2 

- - 

!- 

Total 

1 

140 3 



17 1 

27 5 

02 2 

0.8p. p. 111. 1 







Leaves - - 

31 2 


f 30 

3 0 

- 


Stems - j 

8 4 


12 

3 

...j 


'rube»'s ... . . ... 

00 8 

130 < 

.28 

8 2 

1 


Hoots - 

5 5 


1 1 10 

2 1 

! 

1 1 V .t 


Total . 

135 0 




13 0 

18 4 j 

73 0 


The per(‘entage of jihosphorus in tlie <lry matter was also markedly 
affected by the level of PO4 maintained in the nutrient solution. As 
the P(),| content of the nutrient solutions was decreased from (hO to 
0.3 j). p. m., the p(U*centage of phosphorus in the dry matter also 
decreased, but not in projiortion to the amount of P()4 supjdied. 
Similar results wen^ reporter! by Lyness (H) in a study of the phos- 
phorus absorption by corn growing in sand cultures 

The sharp redu tions in the percentages of jihosjihorus, especially 
in the leaves and stems, at the 0.(> p. p. m. level, the further reductions 
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obtained in tlie stems and tubers at the 0.8 p. p. m. level, and the fact 
tliat ^rowtli ill each case pra(‘tically stop])ed at 40 days, all strongly 
su^^est an inadequate supply of P( >4 at these levels. Although specific 
phosphoriis-deliciency symptoms did not appear in the plants growing 
at tlie two lowei* PO,; levels, their general ajipearance was definitely 
subnormal and their dry weights were less than those obtained at the 
higher jihosphate levels. 

The (lata in table 2 showing the amount of phosphorus absorbed 
by the jilants clearly indicate that marked reductions in absorption 
took phue in the solutions containing less than 1.5 p. p. m. of PO4. 
A total of 85.5 millimols of jdiosphorus was absorbed irom the solu- 
tion containing 1.5 p. ]). m. of PO,, but the totals were only 17.1 and 
18. () millimols from the solutions w ith P ()4 levels of 0.0 and 0.8 p. p. m., 
respectively. Although the total millimols of phosphonis absorbed 
by the i)lants diffei-ed at each level of phosphate supplied, the tubers 
invariablv contained the largest amounts of phosphorus and the leaves 
the next laigest. The percentages of the added phosphate recovered 
by the plants were in general fairly high, but the percentages of re- 
covery were considerably lower from the solutions containing 3.0 and 
>.() p. [). in. of PO,. The lowest recovery was *56.9 percent; therefore 
the proportion of phosjihate added to tlie solutions which remained 
una<*count(‘d for liy plant removal probably did not exceed about 48 
pei‘cent. 

KXPHKIMENT 2 

'Fhe second exjnuiment was conducted primarih’ to study the 
reaction of the potato plant to a level of PO, lower than that used 
in experiment 1 ; only three levels ( 1.5, 0.5, and 0.1 p. j). m.) w^ere used. 
The number of rej^lications was imwased from three to five, but each 
culture, as in experiment 1 , consisted of only one jdant. In this ox- 
periment nutrient solution B (table 1 ) was used; this differed slightly 
from solution A, princij)ally in the omission of cojiper and zinc. Other 
(hang(‘S made in solution B inclmle a 50-percent reduction in NH, 
nitrogen and reductions in manganese and boron. Tlu'se changes w^ere 
made after preliminary tests, in wliich solution B produced consider- 
ably bettei- gnivvth than solution A, had been run. 

Gretm Mountain potato jilants were transferred to the solutions on 
February S, llMo, and thereafter (he experimental procedure follow^ed 
was the same as that outlined on page 5. 

Gro\vth Data 

The plants in experiment 2 sluAved a marked improvement over 
those in experiment 1 as they w ere more nearly like field-grown plants. 
The rate of to]) growth foV each PO 4 level is showui graphically in 
figure 8 , /f, in which the height measurements (averages of tliree 
plants) were plotted for 10 -day intervals. Comparison of these 
growth curves show s that w ithin a period of 20 to 25 days the solution 
supplying the lowest level of PO4, 0.1 p. j). m., had a definite retarding 
effect on top growdh. After 80 days the average height w^as only 46 
cm., and tlnueafter the plants made little terminal grovrth ; their upper 
leaves w^ere small and dark green and the margins were noticeably 
wrinkled (fig. 4, //). At the two higher PO4 levels (1.5 and 0.5 p. p. 
m.) growth was good u]) to 50 days; the average plant heights were 

7484.34 47 - -2 
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S9 and 0<S cm., resj)ectivcly, and (be leaves were normal in ai)])earance. 
Although tliere was little difference in the liei^ld of (he plants and 
their rate of elonpition in (hese two solutions, the ])lants in the 1.5 
j). p. m. sohi(ions had thicker stems and i)rodu(*ed considerably more 
secondary ^row(h. The relative frrowlh resjxmses of (ops and roo(s 
to the three levels of PO^ are illustrated in fijjjnres 5 and (>. 



Ficttke 5. — Potato) i)laii(s 32 days after transfer to the solution cultures, showing 
effect of different x)la»<I>hate levels on the top growtli. N(de the secondar> 
growth at 1.5 p. p m. of PO 4 . 
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("iiKMirAi. Data 

After experiment 2 had been running for 30 days, it became in- 
creasingly difficult at certain periods to maintain the phosphate levels 
in the solutions supplying 0.1 p, ]>. m. of PO^. This was particularly 
evident on bright days, wlien several additions of PO4 were needed 
to bring the solutions uf) to the required level. Aiiparently the 
])lants in these solutions had reached a stage of growth (luring which 
their phosphate requirements could only be satisfied by a virtually 
(‘ontinuous sup[)ly at the 0.1 )>. ]>. m. level. 

The probl(‘in of maintaining levels of PO4 in solution cultures, 
(*sj)ecially wluui they aj>proach a critical point for ])lant growth. 



FKiCUK (i. — lUiols of potato HI da.VvS after plants were transferred to sidution 
enltun*s, sliowin^; elTeet of diffenMit ])hosphate levels on jrrowth. The darker 
color at ().r> ]) p. 111. and 0,1 p. ji. m. of I’th is due to a eoatiii;? of ferric iron. 


obviously is in.sepai*ably connected witli tlie absorption of the plants 
growing thereon. Ihider active growing conditions none of the levels 
used in (he pivsent experiments can be regarded as constantly main- 
tained, since the amount of PO4 in the solutitms under such conditions 
can (‘hange very ra])idly. According to Prooks equilibrium can- 
not be attained while cell growth is actively taking place; during that 
time ions move into the plant rapidly, and it is now generally under- 
stood that some ions move out also, but at a slower rate (<9). 

Since the amounts of POi found in the nutrient solutions were re- 
corded each (lav, these records constitute a means of appraising the 
PO4 status of tlie nutrient solutions during the course of the experi- 
ment. As it is not possible to present these data for all 15 tanks, 
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typicjil data wore selected for 2 tanks at each level and these Avere 
plotted in figure 7. Sucli values represent the concentration of POt 
found in the solutions each morning; theiefore, it is reasonable to 
assume, except where a surplus still existed, that the average POi 
concentration in contact Avith the plant roots had been greater during 
the preceding 24 hours. Whenever the chemical analysis showed an 
amount of 1^04 beloAV the theoretical value for a particular nutrient 





5 10 15 20 25 30 35 40 45 50 

PERIOD ON SOLUTIONS (DAYS) 


Figure 7. — Curves sliowiiij? ])liosi)hate found eacdi inoniiii^ in two typical tanks 
at each P ()4 level, experiment 2: A and Ji, l.o p. p. in.; C and />, 0.5 p. i). m. ; 
E and F, 0.1 p. p. in. Fivedank averages : 1.5 p. p. in., 1.124±0.02() ; 0.5 p. p. in., 
0.273±0.0m; 0.1 p. p. in., 0.11(>±0.0tH>. 


solution, sufficient monopotassium phosjihate was added to raise it to 
the proiier level; otherwise no phosphate additions were made. The 
fluctuations in P ()4 content ot the nutrient solutions illustrated in 
figure 7 obviously AAcre not caused entirely by plant absorption, since 
the greatest lecovery by the jilants Avas not aliove 85.5 percent. (See 
table 4.) Chemical reactions in the nutrient solutions and possibly 
to a less extent biological activity are suggested as contributing fac- 
tors, but it seems reasonable to attribute the greater part of these 
fluctuations to plant absorption. In this conne(*tion it is impoi'tant 
to recognize that, because of the large volume of solution jirovided 
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per ])laii< and tlie f recpieney of IHXi fortitication, any critical rednct ions 
in POi content that may liave occurred could liave been of only short 
duration. 

Because of the difficulty ex|)erienced in maintaining the PO 4 level 
of the 0.1 p. j). m. solutions during certain jieriods, as jireviously mem 
tinned, a decision was made to harvest two replications at each PO 4 
level after they had been on the solutions days and to allow three 
rejdications to remain until tubers could form. Accordingly, plants 
selected at, random were harvest(‘d on March 1040, dried, ground, 
and analyzed for phosphorus as previously de>cribe(i. At the time 
of harvest the leaves of these plants were divided into three portions 
according to their verti(‘al position on the plant : upper third, middle 
third, and lower third. Tliese samjiles were analyzed separately in 
an att(‘m))t to determine more fully the relative distribution of phos- 
{)h<)rus within the jilant at an early stage of development. The data 
obtained are presented in table 

'CAni K a. — 'I'atal dry irriyhis and phosphnrua contrni of and phosphoruH ahsorhcd 
hy potato plants ijrou'n tor SS days in nutrinit sidutions containing various 
quantitii s 0/ POa, rjpcnnif nt J 

llOach tjrtiwii in an inUividiial soliiMoii at tln^ P ()4 lovcl indii'Utntl J 
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The etl'ects of phosjiluite supply on the jxn*centage of phosphorus in 
the l)lants after days are bi'ought out by the data in table It is 
clear that Avhen the concentration of phosphate supplied was below 
1.5 p. p. m. the j)ercentage of i)hosj>horus in tlie different plant parts 
as definitely reduced in everv case and the total amount of ])hos])horus 
absorbed was much lower, tt will be noted, however, that although 
the amount of phosphorus absorbed from the 0.5 j). ]). m. solution was 
considerably less than that absorbed from the 1.5 p. j). m. solution, the 
corresponding amounts of dry matter and heights of plant (fig. 3, B) 
were similar. Evidently these results illustrate the general concept 
stated by Hoagland and Davis (fK p. JOS) that ‘^two solutions may pro- 
duce plants of equal dry weight, but of very different composition.” 

As might be expected, the results of the analyses given in table 3 
show that the upp'i* leaves contained the highest percentages of phos- 
phorus. This was true at all thi*ee levels of phosphate supplied. The 
lower leav(‘s, on the other hand, contained the lowest percentages of 
phospliorus; the middle leaves may be regarded as intermediate in 
phosphorus content. These results suggest that mature leaves from 
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the middle of tlie plant may be laken as rei)resentative when potato 
foliage is sampled to determine tlie general pliosphorus level in the 
plant. 

The three remaining replications of experiment 2 were harvested 
A})ril 2, 1945, after being on the nntrient solutions 513 days. Data 
pertaining to these more mature plants are given in table 4. The I'ela- 
tion between the (piantities of PO4 su])plied and the total dry matter 
produced (table 4) was inoix' pronounced than was the case with the 
earlier harvested plants (table Jl). After the jilants had remained 
on the 1.5 and 0.5 p. p. m. P()4 solutions for 58 days, there was a marked 
difference in their dry-matter content, wdiich was not obtained at 88 
(lays. In general, all parts of the more mature plants except the tubers 
at 0.5 p. p. m. of PO4 were found to have a lower dry-mattei* content 
when the jihosphate supply was reduced. 


4 . — Total drp m if/liis and phosphfrrus vonfvnt of and phosphoma ahsorhcd 
hp potato plants ftroirn for .' 7.1 daps in nntnrnt solutions <ontaininp rat tons 
quantities of PO 4 , vxpn inient ,i 
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The percentage of phosphorus in the dry matter of the j)lants (table 
4) was also affected when the suj)ply of phosphate was leduced below 
1.5 p. p. m. Although the percentages of phosphorus in all parts of the 
])hint at the 0.5 p. j). m. level, and the dry matter in most, were definitely 
reduced, these indications of phosphorus insufliciency appear to have 
had little effect on the height of the plants (fig. 8, B) tliroughout the 
exjjeriment. At the 0.1 p. ]>. m. level, however, the reductions in 
both peicentage of phosphorus and amount- of dry matter were pro- 
nounced, growth was markedly affected, and phosphorus- deficiency 
symptoms developed in the plants. Three stages of absorjition based 
on the percentage content of a given nutrient in the plant- were ivcog- 
nized by Macy He suggested the following criteria to describe 
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tlieju : A ‘‘criticnil j)ei*c(Mitage” stage above which there is evidence of 
“duxui T coiisunijition,'’ a ‘■'])()verl>^ adjustment'’ stage in wliich plant 
growth is adjusted to a limited nutrient suj)ply, and finally a ‘'mini- 
mum percentage”’ stage in whicli growth ])ractically sto})s. In the 
present experiineiits a "critical percentage’ stage ai)parently devel- 
o[)ed \n the potato plants at the l.o p. j). m. l^i)i level, since some 
evidence of 'Muxui’v consurni)tion" ap])eared above this level (table 2). 
A "poverty adjustment”’ stage evidently was reached near the 0.5 ]>. 
p. m. level and a ‘'minimum percentage” stage at about the 0.1 p. p. in. 
l(‘vel. 

Compaied with the total amount of phos))horus absorbed from the 
1.5 j). p. m. POi solution, that absorbed from the t).r) j). j). m. solution 
was reduced more than 50 percent and that from the 0.1 p. p. m. solu- 
tion Ot) percent. I'he highest jHUventage recovery by the jilants, how- 
evei*, occuri ed at the lowest j)hosj)hate level, as in the case of the earlier 
liarvestiMl ])lants. In geiuu'al, when the concentration of [ihosphate 
in the nutrient solutions was decreased, the amount of jihosphorus 
found in all ])lant jairts was lower, but these reductions were greater 
in the stems and leaves. 


IUS<U SSION 

Although there were period^ in the growth of the })otato plants when 
the demand for [ihosphate increased, these appeared to be due nu)i*e 
to environmental conditions that w’ere favorable for growth than to 
any particular develojinauit of the plant. For instance, there was no 
indication of a sustained increase in the demand for phospliate when 
tuber growth commenced or at the initiation of the blossom primordia. 
The extensive root develo[)ment (»btained in the solution cultures early 
in the growth of tin* j)lant and tlie favorable conditions existing for 
absorjxion of phos[)hate may account for the failure to detect any 
jironounced increase in demand for phosphate at the periods men- 
tioned. Under conditions of growth in the st)il, however, sup})lying 
phosphate early seems desirable. The work of Carolus {0) indicated 
that a peak in the absorption of phosphate by potatoes occurred 50 to 
SO days aftei* planting. It is iu>t known, however, whether the de- 
mand for phosphate can become crit ical at any stage during this period 
of growth. This ])oint would seem to warrant further study, since 
it has an important bearing on the (piestion of the i)roi)er time to 
supply readily available ])hospha(e for potatoes as well as the amount 
to be used in relation to the less readily available phosphate reserves 
in the soil. The time })hos])ha(t' is supj)lied as well as the amount 
supplied may be important in enabling the plant not only to produce 
early, vigorous growth but also to accumulate a phosphorus reserve 
foi its subsecpient i-equiremenls when less jdiosphate is usually avail- 
able. 

It should be obvious that the results obtained in (lie present investi- 
gations by sohition-culture ju-ocedure cannot serve directly as a basis 
for recommendations in the field and that data obtained on a small 
numlnu* of jiotato ])lants (‘annot ju-ovide a sound basis for generaliza- 
tions. Uiiwever, these data indicate very definitely that the j)erceutage 
of ])hosi)hojus in the jiotato nlants and the production of dry matter 
were both markedly affected by the levels of pliosphate supplied in the 
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nutrient solutioiis. There was also a genei’al relation between tlie 
amount of phospliorns absorbed by Ibe plants and the level of phos- 
phate supplied ; but, as nli<^bt be expected, t bis relal ion was not propor- 
tional. Altboiigli tile plants in the solutions maintained at about 0.1 
p. p. m. of 1*04 were unable to obtain sufficient phosphorus for their 
growth reipiiremenls, there was no evidence to indicate that this failure 
was due to their inability to absorb phosphorus from such dilute solu- 
tions. Under the conditions of the experiments the potato plants 
probably developed jihosphorus-deticieiicy symptoms in these dihiti* 
solutions when tlie rate of absorption proved inadeiiuate for the needs 
of the plant. However, if a potato variety other than Green Moun- 
tain had been used or the experimental procedures had been modilied, 
it is entirely possible that the results obtained in the mo.st dilute 
solutions might have been somewhat altered. 

St’MMAUY 

Experiments were conducted with a sjiecially devised nutrient- 
solution apparatus to determine the minimiini jdiosphate requirement 
of the potato plant (Green Mountain variety). Low levels of phos- 
|>hate approximating those that have been found in the soil solution 
were used in the nutrient solutions, and the solutions were analyzed 
daily for [ihosphate and fortiffed as rei|uired by adding inonopotas- 
sium phosphate. Approximately !>r» liters of nutrient solution was 
supplied each plant. Support for the tubers and the plant above the 
surface of the solution was juovided by a t,s-inch mesh nylon screen. 

Under the conditions of the experiments the ])otato plants made 
excellent growth in the nutrient solutions maintained at a phosphate 
concentration of approximately p. p. m. When the jihosphate 
concentration was reduced to 0.5 p. j). m.. the height of the ])lants was 
only slightly reduced but the production of dry matter and the 
peirentage of phosphorus in the plants were definitely loweied. 
When the phosphate concentration of the solutions was reduced to 
0.1 p. j). m., however, the plants were much smaller, phosphorus- 
deficiency symptoms developed, and there was a pronounced reduction 
in both dry matter and percentage of phosphorus. The results ob- 
tained at the phosphate concentrations of 1.5, 0.5, and 0.1 |». ]>. m. 
may lie identified, respectively, with the three .stages of nutrient 
absoi-ption suggested by Macy {!'>) : namely, ‘‘cidtical percentage,” 
“poverty adjustment,’’ and “minimum percentage." 

The results of jihosjdiorus determinations made on the upper, 
middle, and lower leaves of the plants suggest that a sample of 
mature leaves selected from the middle of potato jilants can be used 
for analysis to indicate the general jihosphorus iqitake. 

In general, the amount of phosphorus absoibed increased as the 
concentration of jihosphate in the solutions increased, but the jier- 
centage of phosphoims recovered by the plants was greater in the 
most dilute solutions. 
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REACTIONS OF CABBAGE VARIETIES TO MOSAIC 

VIRUSES ^ 

By (tLKXX S. Po('M> 

Formerly associate pathologist. Division of Fruit and Vegetable Crops and Diseases, 

Bureau of Plant Industru, Soils, and Agricultural Engineering, Agricultural 

Research j\d ministration, Cnited States Department of Agriculture 

INTRODUCTION 

In recont years considerable attention has }>eeii eiven to the de- 
scription and identification of \iruses affecting cabbage {Brasslca 
oleracea var. capltata L.) and relate<l plants (1, 2, 4, 5, 7, 8, 5, 10, 

11, IS)} In 1942 a survey was made of the relative resistance of a 
number of self<‘d and hybrid lines of Wisconsin All Seasons cabbage 
to mosaic. Som(» promising s<d(‘Ctions were found; incor[X)iation of 
their n^sistance to mosaic with resistanc(‘ to yellows and desirable 
hortieultuial type is under way {12). During the search for possible 
br(‘eding material it was thought wise to test th(‘ more common com- 
mercial varieties in order to learn in which varieth's resistance is most 
lu'eded and in which it might be found. The work was carried out in 
th(' seed-growing district of the Puget Sound section in western 
Washington. 

MATERIALS AND METHODS 

Practically all cabbage vari(‘ti(‘s of comiiuTcial importance are 
grown as se(»d croj)s in the Puget Sound section. The seedlings of 
the various vari(»ties are u.sually grown togetlu'r in large plant beds, 
and Iat('r they are transplanted to fields when* they are left for seed 
production. Under the cultural methods used prior to 1945, 60 to 
75 percent of the plants became infected with mosaic while in the 
j)lant beds (3). Because* vSeedlings were so widely infected, some data 
w(*r<* taken in farm(*rs’ seed fields. Additional data came from experi- 
mental field plots. 

Varieties in farmers’ fields for the 1943- 44 seed crop were rated by a 
disease-index system. As plants of all varieties had a common ex- 
posure while in the plant beds, rating individual diseased plants in 
transplanted fields ac(wding to severity of symptoms was used to 
obtain a measure of the relative susceptibility of the various varieties. 

^ Received for |)id)lication Septemt)er 5, 1946. Cooperative in vest igat ion by the 
Bureau of Plant Industry, Soils, and Agricultural Engineering and the Wash- 
ington Agricultural p].\i)eriinent Stations at the Vegetable Seed Production Lab- 
oratory, Mount Vernon, Wash. Scientific Pai)er No. 671 of the State (^ollege of 
Washington and the Washington .\giicultural ExjK^riment Stations. 

2 Italic numbers in ])arentheses refer to Literature Cited, p. 30. 
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It was necessary to rate a large number of plants in order to minimize 
variations between locations. One set of ratings was made in the fall 
30 to 50 days after transplanting, and another was made in the same 
fields the following summer about 6 weeks prior to seed harvest. 
Notes were taken on infe(*ted plants only, and all in the row that 
was being checked were rated. Sample rows were selected fiom 
different areas in the field. Each plant was placed in one of four 
classes arbitraiily chosen according to the severity of symptoms de- 
scribed in table 1. In calculatinsr the disease index, the number of 
plants in each class was multiplied by the (‘lass value, the sum of the 
products was multiplied by 100, and the result wns divided by 4 
times the total number of plants. Thus if all the plants w^ere in class 

1 the index would be 25; if all were in class 4, the most seveu-e class, 
the ind(^\ would be 100. 

In 1944 several varieties were grown for head cabbage in random- 
ized, replicated plots. Th(‘se were transplanted into j)aired row's, and 

2 weeks later the plants in one row of each pair were inoculat('d 
mechanically with virus strains (p. 21). The other row' of each pair 
served as a check. Because of severe infection of check ])lants by 
aphid activity no yield data were taken; the plants were rated, how- 
ever, by a disease-index system identical with that just described. 


Table 1 . — Description of (Hsease-severiiy classes of in fected cabbage plants 


I , ('lass ion lor 

Seventy I Class ■ Seveiit.v ol ' 
ela,s.s { \alue ' mpioins 1 

I Ileail eabhape See<l eahbape 


1 


2.i I Mild 


r»0 I Moderale 


7.''t I Seven* 


Very sevcif 


I Mild nioitlinp and viiri * Mild niottlinp. v.tunlinp. and neeiosi^ 
1 eleariTip, or either of these of lea\es, or mild moltlinp and stunl- 

I In its(*lf. no neerosis, no , inp ol Jea\(s, or rnild ne«*roKis oi 

I ^•ons[)lc•uolI^ stuntinp lea\(S. no necrosis <»f sialk, ot 

! 1 iM'dieels 

Kc'lativelv severe motthnp. | Markc dehloresisand in eiosisof lejuev, 
distortion, and stuntinp, i or •*it her of these In iNolf. defoliation 

or neero.sisyMthlitlleoruo | not greater than 25 in'rec'nt. \ei\ 

niottlinp. I litik' tU'crf SIS of stalk or polls 

Severe niottlinp with leaf i Severe ehloro.sih and necrosis of lea\e'*-, 
I dlstoition and moderate result inp in defoliation uj» to .5(1 in'r* 

I necrosis, marked stuntinp j cent moderate necrosis of stalk, |M‘di- 

I ' cels, and pods 

, Sev«*re inotthnp, leaf distor- ! Severe chlorosis and necrosis of lea\es. 

I tion, slimlinp, necrosis,! resulting in defoliation up to HK) imt- 

i and didohation j iriit, severe neciosis of stalk, iK'dicel*'. 

! I and fiods 


In 1945 a similar plot was used, but the seedlings were grown in 
greenhouse flats and inoculated before being transplanted. In this 
experiment a slightly diff*erent system of rating disease severity was 
used. Each of 25 plants in each replicate was rated and placed in 
1 of 4 severity classes for each of 3 diffc'rent symptom categories as 
shown in table 2. The disease index w^as calculated by multiplying 
the total number of plants in each class by the class value and then 
dividing the sum of these products (total score) by 3 (since there were 
3 symptom categories) times the number of plants being rated (25 in 
the example). This method proved to be much more effective in 
rating disease severity than the one in which all symptoms were com- 
bined into 1 category of severity. It is realized that there can be no 
accurate quantitative measurement of severity of disease symptoms. 
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Table 2. — Method of determining disease index of 25 cabbage plants in experimen- 
tal plots, 1945 





riants in indicated symptom 




ria.ss 



category 


7'otal for 


s<'\(‘rity class 

Scv(Mit> of.vjmiitonis 

Stunt itiR- 
leaf distor- 
tion 



3 cate- 

Scoic > 





Mottlirig- 

ehlorosis 

Necro.sts 

gories 


1 

1 

1 

I 


X umber 

X umber 

X umber 

i 

Xumber \ 


l 

1 2.') 

Mikl .i 

\ H j 

7 

7 1 

22 1 

550 


m 

Moiicraif .J 

1 10 

1 ’ 

10 

i 12 

32 1 

1 1,000 


i 75 

Sf\cn‘ - . 

' 0 

0 ' 

15 1 

1 1. 125 

' -| 

1 UK) 

V’ery sc\ ere ... . 

i- -- ii 

! 

1 

1 0 ! 

« 

000 

Total . i 

— . ' 


2.i j 

! 2.') ; 

25 1 

75 i 

i 2 3, 875 


' Obtained by iTiultiplyinp the total number of idaiils m eaeli class b> the class ^ alue 
' Discaw'-index value = rd 7 (determined b> dividmii the Kdul score b^ 3 times the number of plants 
measiiretl, as each plant was cla'«sifle<l in 3 categories). 


but it is felt that this method ^ave a fairly true picture of the relative 
varietal suseeptihilit}*. 

In the Puget Sound section, as in the Midwest (i i), cabbage mosaic 
is caused by two unrelated viruses (virus A, a strain of turnip virus 1 
Hoggan and Johnson, and virus B, a strain of cauliflower virus 1 
Tompkins) wiiich normally occur together in plants. The data on 
plants from th(» I94J 44 farmers’ fields represent, therefore, the dis- 
ease as it occurs naturally in this section. In the 1944 plot, plants w^re 
inoculated with a mixture of isolates of viruses A and B obtained from 
the University of Wisconsin. In the 1945 plot the varieties were 
inoculated with a mixture of W isconsin viruses A and B, with a mix- 
ture of viruses A and B occurring in the Puget Sound section, and 
with a. mixture of W^isconsin virus B and the California black ring 
virus (10) (another strain of turnip virus I originally obtained from 
the I'niversity of (California). P^xtensive greenhouse tests have shown 
that the virus strains producing mosaic! in the Puget Sound section 
are identical with those occurring in the Midwest (IS) and are not 
the strains reported as prevalent in C’alifornia (6, 10). 

The vari(*ties*^ studied were of the following types: 


All Head r^arly 
AU Head Select 
Premium l^ate Flat Dutch 
Stein’s Farly Flat Dutch 
Succession 

Wisconsin All S<‘asoiKs 
Hallhcad-Hollander. 
liugner 

Danish Ballhead 
Ferry’s Hollander 
Improved Wisconsin Ballhead 
Penn State Ballh(*ad 
Wisconsin Ballhead 
Wisconsin Hollander 


Pointedheaded' 

Charleston Wakefield 
Early Jersey Wakefield 
Jersey Queen 

Roundheaded: 

Coiienhagen Market 
Early Round Dutch 
Globe 

Glory of Enkhuizen 
Golden Acre 
Marion Market 
Midseason Market 
Resistant Detroit 


^ Vellows-resistant varieties \\(*re from >tocks of the \\ iscon.sin Cabbage Seed 
(•o. All other varieties were from stocks of Ferry-Morse Seed Co. except those 
in farmers’ fiedds in which Stein’s Earlv Flat Dutch, Charleston Wakefield, and 
Early Round Dutch from stock.- of the A.ssociated Seed Growers, Inc., were used. 
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VARIETAL REACTIONS 

SEED FIELDS IN 1943-44 
Symptom Severity 

In tables 3 and 4 are given the varietal reactions of cabbage 30 to 
50 days after transplanting to farmers^ fields and just before seed 
harvest, when the disease had incubated for 10 or 11 months. 

A study of table 3 will reveal that the varieties represented a distinct 
gradient of susceptibility but could be divided roughly into three 
classes. In the least susceptible gi*oup were All Head Select, Wis- 
consin All Seasons, Globe, and Stein’s Early Flat Dutch. Except for 
Globe all of these rit of the flatheaded type and are v('ry similar in 
time of matiu-ity. No counts were made on Succession, another 
flatheaded variety, but observations indicated that it would fall in 
this group. The intermediatelv susceptible group included all the 
early and mids(»ason roundheacled varieticvs tested except Gloix*, in 
addition to All Head Early, Charleston Wakefield, Early Jersey 
Wakefield, and Premium Late Flat Dutch. Early Jersey Wakefield 
was at the top of this group. All roundhead(‘d varieties in this group 
were remarkably similar in their reaction. Tlu^ ballheads comprised 
the most susc(*ptible gi’oup; Ferry's Hollander was distinctly the most 
severely affected variety of this group. 

It is apparent that during the seed stag(‘ (table 4) the varieties 
occupied relatively tlu' same position of susceptibility as in the fall. 
Then too, Wisconsin All S<*asons, G1o1h‘, Stein’s Phirly Flat Dutch, 
and All Head Select compris(‘d the least susceptibh* group. Also, the 
roundheaded varieties (*\c('pt Globe w<»re intermedia t(‘ in suscepti- 
bility, and the balllunuh with the exception of Wisconsin Holland(*r 
were the most susceptibh‘. It was surprising to find Wisconsin 
Hollander showing only modej’aUdy severe symptoms in view of its 
extrc'me susceptibility under midw(‘stern conditions. All varhdii's 
showed a higher dis<*as(‘-ind(*x value* during the* s(*(*d stage than during 

Table 3 . — Relative sysceptibility of 18 cabbage varieties to cabbage mosaic SO to 60 
days ajter transplanting, ]!}4S~44 




Total , 

I’lants in se\enij cIh'' 

V. 

Diseasr- 

Var-ety 


plants ' 

— - 


- - 

- - 

lnde^ 


cmekrd ; 

1 

1 

2 

3 

4 

\alUf 




SnmhfT i 

Xn mher 

Nvinfifr 

Nil inhn 

Nnmfm 


All Head Sclrct . 


,V)3 

506 

67 

0 

0 

27 5 

Wiswiisin All Seasons 


7:m : 

.599 

132 

3 

0 

29.7 

Olobe - 


tVK3 ; 

429 

254 

0 

0 

34 3 

Stein’s Early Flat Dutch 


m , 

396 

m 

28 

0 

36 ti 

Early .Jersey Wakefield . 



310 

370 

13 

0 

39 3 

Premium Late Flat Dutch 


738 ! 

258 

420 

60 

0 

43 3 

Olory of Enkhuimi .. 


812 i 

203 

.585 

24 

0 

44 5 

Charleston Wakefield . 


703 ! 

225 

404 

74 

0 

44 6 

Early Round Dutch 


037 1 

146 

460 , 

31 1 

0 

4.5 5 

He^sistant Detroit- . 


704 j 

15ti 

.500 

48 1 

1 0 

46 2 

Oolden Acre . 


029 

144 

432 ' 

53 

1 

46 4 

Marion Market--- 
All Head Early - - 


, 745 1 

179 

485 1 

81 

0 

46 7 


7.')0 ! 

124 

548 1 

78 

0 

48 5 

CopenhaRen Market - - - 


674 1 

127 

449 1 

98 

0 

48 9 

Wisconsin Hollander .. 


532 1 
712 i 

44 

326 

162 

0 

65 5 

1 >anish Ballhead . 


51 

339 

306 

17 

60 1 

Penn State Ballhead 


696 1 

46 

330 

.3(K) 

20 

60 6 

Ferry’s Hollander . . . 

- 

674 I 

23 

267 1 

363 

21 

64.2 
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Tablk 4 . — Relative susceptibility of 1*5 cabbage varieties to cabbage mosaic during 


seed stage ^ J94S-44 


Total 

i’lants in severity class 

Disease- 

V’ariefy 

plants 

— 




— 

index 


cheeked > 

. 


2 

3 


value 


Nn mf)er 

Nnmhn 

Nnmht'T 

Number 

Number 


\N iM'oiihin All Seasons 

m 

101 

162 

43 

0 

45. 1 

(ilohe 

317 

50 

220 

47 

0 

49 8 

Si fin’s Early Flat Dutch 

316 

38 

210 

50 

18 

.53 8 

Ml Heatl Self cl * 

136 

17 

85 

30 

4 

53 9 

Mai ion Market 

331 

30 

168 

90 

43 

61 0 

Karl.v Jersoy Wakefield 

322 

13 

157 

145 

7 

61. 3 

Wisconsin Hollander 

254 

K 

117 

107 

22 

64 1 

Olory of Enkhmzen 

394 

9 

180 

175 

30 

64 3 

Resistant Detioit 

301 1 


117 

1 134 

32 

65 0 

('openliapen Market 

299 

25 ! 

81 

! 130 

63 

69 3 

O olden \ere 

243 . 

20 1 

59 

117 

47 

69 7 

Eaily Round Dutch 

329 1 

' 4 1 

114 

151 

60 

70 3 

('haileston Wakefield 

370 

P 

124 

135 

94 

70 7 

I'enn State Railhead 

344 1 

0 i 

93 

140 

111 

76 3 

Danish Hallheuil 

311 

i 

0 1 

49 

118 

144 

82 6 


' In all \aih‘1h*s the prohence of «Jowny nnliiew made an aeeinale estimation of virus defoliation diflleult, 
hut the (“Ifeets of the 2 <lLs(*ases wen* ‘5«*parated as inueh as possihit* 

•' Se\eie de\el{»pnienl of down> inihlew eonfuM'd (liajfiiosis m this \aiiet>. 


lli(‘ iinnintiin'-licad stage. Tliis increase tended to be greatt^st for tin* 
l(*jist suse(‘])tible varieties and least for the most susceptible ones. 

Symptom Type 

As previously menlioin*d, mosaic is caused by iwo unrelated viruses 
which normally occur together {IS). Virus A cliaraeteristieally pro- 
duc(‘s chlorotic spotting or chlorotic ringing of leav(‘s, which is later 
follow(»d by black n(*crotic rings or irn'gular necrotic spots. Virus B, 
tin* other compon(*nt, characteristically produces chlorotic V(*in clear- 
ing, vein lianding, and g(*neral, <lifi*use, deficiencylike chlorosis. 
\Vht*n the two viruses occur together, tin* dis(*ase reaction is more 
sev(*re than when eithi*r virus occurs alone. 

In tabh* T) the n*lative promiu(*nce of \ arious types of symptoms is 
iriven for each variety. In the immature-head stagi* the four most 
tol(*rant varieties <*haract(‘iistically showed mild mottling and mild 
V(‘in dealing and g(*neral chlorosis. Virus B symptoms usually pre- 
dominat(*d over those of virus A. Tin* chlorosis, wliieh r(*sembh*d 
that of a mineral (lefi(*ieney, was ditrerent from the chlorosis resulting 
from s(‘V(*re mottling as shown in roundheaded types. In the inter- 
mediate grouj) there was a great diversity of symptoms. Early 
J(*i’sey Wakefield, Charl(*ston Wakefield, All Head Early, and Premium 
La t(* Flat Dut(*h showed rnueh more pronounced vein clearing and 
vein banding than other varieties. All roundheaded varieties in this 
group showed severe to very severe mottling, stunting, leaf distortion, 
^^ld chlorosis — conibin(*d (Effects of both viruses but markedly pre- 
dominant with virus A. The general chlorosis was yellow, a color 
r(*sulting from tin* severe mottling. The ballheads likewise expressed 
a marked pr(*dominan(*e of virus A symptoms, resulting in a severe 
or v(*(y severe leaf distortion, stunting, and necrosis. Necrosis was 
markedly more sc'vere in these vaiieties than in others. In general, 
the viruses produced a yellow-green mottling in the ballhead varieties 
in contrast to tin* yellow mottling produced in the roundheaded 
varieties. 
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In the seed stafye tin* varieties showed the same general type of 
symptoms as in th(‘ immature-head stage, but neerosis and defoliation 
were generally mueh mor(» severe. 

Effect of Air Temperatures on Symptoms 

Pound and Walker (,/) showed that symptoms of virus B are most 
pronounced at low temperatures and those of virus A at high tempera- 
tures. Furthermore, plants infected with a eomhiuation of the viruses 
may change symptom tvpes if the air temperatures under which they 
are growing change. Tin* cahhage se(‘d crops in tin* Puget Sound 
section oflVred excellent opportunity for further observations on the 
effect of temp(‘ratun\ Plants there are set out in late summer and 
remain in the open throughout tlie winter, bolting to produce seed- 
stalks in early spring. Thus in 1043 44 plants grew through a season 
in which the temperature gradually fell from a mean of 60.6® F. in 
September to one of 38.4® in December and then rose to a mean of 
()2.0® in dune. 

Although air teniperatun^s in the Puget Sound section never reach a 
point high (uiough to <*ause th(‘ suppn'ssion of virus B symptoms and 
tlie b(‘st expression of those* of virus A, lh(‘re \\(*re marked changes 
in type* as tempe'ratun* changes occurn»d. In early fall symptoms of 
virus A W(*r(‘ (juile consiiicuous and those of virus B beeaime increas- 
ingly so until winter dormancy stopped growth. In April and early 
May, when plants had n*sumed growth and temperatures were still 
low\ virus B symptoms wore markedly pn*dominant over those* of 
virus A. This was esp<*cially true in those* varieti(*s most susceptible 
te) virus B. During late* fall anel wdnie*!* (*nation el(‘vele)pmemt, char- 
acteristic e)f virus B, was prone)unc(*el. The roundheadeel and ballheael 
lype*s, although showing a preHlenninance of virus B symptenns, alse) 
sliow'e*el e*onspicue)us me)ttling e)r chle)re)iic ringing. By June virus A 
sympteuns attaineel promin<*nce* and i)lants showeel severe me)ttling, 
ne*e're)sis. anel ele*fe)liation, 

EXPERIMENTAL PLe)TS IN 1944 AND 1945 
St'MMBR OF 1911 

Twenty <lifrerent varieties were transplanted in paired rows in 4 
randonii/.ed replicates, and tin' plants were inoonlatod 2 w(>eks later 
with a mixture of viruses A ainl It from Wisconsin. Eaeli replicate 
row contuine<l 51) plants. Varietit's were rated as to their suscepti- 
bility by a dis(*ase index; notes were taken (H). 80, and lit) da.vs after 
transplanting. Results very similar to thos(> of 1943 44 were obtained 
(table 0). Wisconsin All Seasons, Stein’s Early Flat Dutch, All 
Head Select, Succession, and Globe headc'd th(' list as the least sus- 
ceptible class. Wisconsin Hollander, Bu|rner, and Penn State Ball- 
head showed only moderate symptoms until late in the season, but 
at the time of maturity the symi)tom8 had become so severe that they 
were hardly less marked than those of the other ballheads. Ferry’s 
Hollander and Wisconsin Ballhead, which are very similar in type and 
time of maturity, were conspicuously the most susceptible varieties. 
Stunting:, leaf drstortion. defoliation, mottling:, and necrosis were very 
severe in these 2 vari<‘ties. All tin* roundheaded varieties except 
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Table 6. — Relative smceptihility of 20 cabbage varieties to cabbage mosaic^ 1944 


Vrtript.\ 


Wisc*onsin All Seasons 
Stein’s Early Flat Put eh 
All Head Select 
Succession 
01of>e 

Jersey Queen 
Wisconsin Hollander - 
All Head Early 
Charleston Wakefield _ 
Bugner_ 

Penn State Ballhead . 
Marion Market 
Early Round Put eh 
(^itM'nhaften Market 
( lot den Acre 
Mids(*ason Market 
(Jlory of Enkhuizen 
Premium Late Flat Dutch 
Ferry’s Hollander 
Wisconsin Ballhead 


Disease -index value at indicated 
IH'riod after transplanting > 


I 


I 


I 

1 


hO days | SO days 


2» 

K 

.30 

8 

3() 

H 

42 

0 

31 

0 

39 

9 

.31) 

1 

45 

1 

37 

9 

45. 

9 

45 

0 

0) 


45 

7 

51 

7 

4(> 

1 

5.5. 

4 

4K. 

8 

53 

7 

4M 

8 

52 

1 

.50. 

0 ' 

53 

7 

51. 

2 

.57. 

1 

52 

2 

.58 

0 

52 

7 ! 

0) 


52 

~ 1 

i j 

(h 


53 

1 : 

m 

() 

54 

•j 1 

.59. 

4 

.57 

I 

59 

0 

.58 

i 

()4 

4 

.50. 


(>4 

1 


DO days 


02 4 


04 2 

or> 0 


71 2 
00 4 


DilTerence required for .sigiiificancv (10 n 


7 ; 3 K I 


1 Values are a\erages of 4 replications of 50 plants each. • Harv(*sted 

Glol)o won* vory similar in thoir react ion. Sov(*ro yellow mottling?, 
leaf distortion, and n(*crosis w(*re the characteristic symptoms. 

Summer op lOi.** 

In 1945 it was decided to broaden tin* scopt* of the t(*sts by usin^ 
more virus combinations. Sixteen varietit's of cabbage wen* trans- 
planted in paired rows in three randomized n*plicates. Each replicate* 
contained a row of each variety inoculated witli a mixtun* of isolat(*s 
of viruses A and B occurring in the Pug(*t Sound section, one inocu- 
lateel with a mixture of virus(*s A and B isolat(*s from Wisconsin, and 
one inoculat(*d with a mixture of the (California black ring virus and 
Wisconsin virus B. This study was designed to t(*st further vari(*tal 
reactions as well as to diffen*ntiat(‘ furtln*!’ the virus isolates tested. 
Each plant was placed in one of four sev(*rity class(*s for three diff(*r- 
ent symptom cat(*gori(*s designat(*d as stunting and l(*af distortion, 
mottling and chlorosis, and necrosis. Tin* r(*sults of this exp(*riment 
are shown in tabh* 7. 

WTien the symptom tyiK*s in the thr(*e categories were consid(*r(*d 
togeth(‘r no significant differ(*nces were found in tin* severity of the 
thr(*e strains of turnip virus 1. The viruses had almost identical 
over-all average disease-index values. Mor(»ov(*r, the varieties had 
somewhat similar positions of relative susceptibility with each virus, 
although some differences did occur. Furthennore, the varieties used 
during the pr(*vious two seasons again showed approximately the 
same relative susceptibility. Stein’s Early Flat Dutch, All Head 
Select, Wisconsin All Seasons, Succession, and Globe showed the 
least severe symptorns. The other roundhead(*d varieties were inter- 
mediate in susceptibility. Improved Wisconsin Ballhead and Ferry’s 
Hollander were tin* most severely affected. Improved Wisconsin 
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Table 7. — Relative susceptibility of 16 cabbage varieties to mosaic viruses when stunt- 
ing and leaf distortion^ mottling and chlorosis^ and necrosis were all considered and 
when necrosis only was considered^ 1946 

f Values are averages of 3 replicates: notes taken H(> days after transplantine except for values in parcnthest*s, 
which are based on ratings made 120 days after transplanting! 


VariKy 

Disease-index value based on 3 
symptom categories and the in- 
dicated mixture of viruses 

Disease-index value based on 
necrosis only and the in- 
dicated mixture of virusi's 

^^■iscollSln 

A-fB 

Washing- 

ton 

A+B 

Black ring 
and 

Wisconsin 

B 

Wi.scon- 

sin 

A-fB 

Washing- 

ton 

A-fB 

Black 
ring and 
Wiscon- 
sin B 

Sirin’s Early Flat Dutch 

42 1 

45 8 

44 f) 

43 8 

43 1 

49 0 

All Head Sclm 

43 2 

44 5 

4(1 1 

45 9 

49 3 

.54 1 

Wisconsin All Seasons 

43 4 

47.9 

44 1 

45 1 

46.5 

51 1 

Succession 

4ti 3 

48 9 

,50 0 

42 4 

42 5 

.58 3 

(flobc 

47 4 

49 1 

51 3 

52 0 

57.1 

61 7 

(^Inifleston Wakidield 

t« 3 

50 f. 

51 4 

42 3 

49 5 

54 3 

Penn State Ballhead 

4« W (71 2) 

45 8 (72 2) 

48 9 (89 (>) 

47 8 

43.5 

52 9 

Bugner i 

5(1 2 (71 8) 

49 4 («4 r.) 

45 0 (84 7) 

.54 2 

40 9 

48 5 

Premium Late Flat Dutch 

52 5 

55 4 

54 1 

.51 1 

,52.5 

56 8 

Jersey QutH*n | 

52 7 

52 9 

54 1 

,51 9 

48 3 

58 6 

Wisconsin Hollarnlei j 

54 0 («U 2), 

, 49 4 (72 4) 

47 1 (08 7) 

42 4 

45 9 

50 8 

(Jlory of Enkhiiiren ! 

,V, 7 i 

I 01 3 

00 C. 

49 5 

.56 6 

58 6 

f\>lK‘nhagen Matkel j 

58 4 

1 55. 6 

.55 4 

.54 5 

52 2 

56 7 

Marion Market 

59 2 

1 53 5 

,58 2 

5.5 5 

.53 9 

55 8 

Impio\e<l Wi.scon‘‘in Ballhead ' 1 

59 8 (75 fi) 

1 55 7 (73 7) 

,58 1 (78 8) 

44 4 

48 7 

49 5 

Ferrj’s Hollander j 

71 3 (79 3) 

! 75 4 (82 0) 

05 3 (80 4) 

00 4 

03 3 

57 1 

verage ... i 

DitTerence required for signifi- i 

52 3 

52 fi 

52 1 i 

49 0 

49 6 

,54 0 

ewux* (!»• 1) - j 

_ 1 

3 8 

1 ..j: 

52 1 

1 ' 

H 5 

6 4 

(2) 


' A difTeient and more toleiani S(>h‘clioii of i''eonsin Bnllhead than that used previously. 

' nitTeieiiees not sigiilfleant 

Ballhoatl, which is a selection from a cross between the original W is- 
consin Ballh(*a(l and W’isconsin Hollander^ exhibited nuicli greater 
tol(‘ranc(' than tlu' Wisconsin Ballhead used the previous season. 
P(‘nn State Balllnuid, Bugner, and W isconsin Hollander again showed 
only moderati'ly sevtu-t* symptoms until th(*y had reacht^d maturity, 
whtui the symptoms became very severe. These varieties apparently 
have an (*arly-season tohuance which breaks in late season. 

W’heii necrosis was the only disease (‘riterion th(» black ring virus 
was markedly mort' st^veue than the two isolates of virus A. This is 
indi(‘ated by the fact that when necrosis only was (‘onsidered, the 
ind(»x value of the black ring virus was 4.8 percent more than when all 
three symptom cat(*gori(»s were considered, whereas tin' value of the 
virus A isolat(‘s was 0 piu’cent less. Thus, the value of the black ling 
virus was 1 1 percent gn»ater than that of the virus A isolates. That 
th(' black ring virus is a more necrotic virus than virus A was reported 
before U). Tin' very close* agreement of the virus A isolates is inter- 
esting. The identities of these two isolates, as well as those of the 
Wisconsin and Washington isolates of virus B, liave been proved by 
('xtt'iisive greenhouse tests. W hen only necrosis was considered there 
were significant differences in the varietal reactions with the virus A 
isolates but not with the black ring virus. The relative severity of 
necrosis compared with other symptom types on spf'cific varieties was 
indicated by the rise or fall in the index value when necrosis was the 
only criterion used. 
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By stiulving tlie disease-indc^x values caleulated on the basis of 
necrosis only, it can be seen that greater variation occurred than when 
all three groups of symptom types W(*re used; the varieties did not 
occupy the same relative' positions. This increased variability is evi- 
denced by the differenc'e' in error variances of the two different calcu- 
lations as shown in table 8. 

Table S.- — Error variances for analyses of varietal susceptibility for disease-index 
values based on S groups of sy^nvtom types and on necrosis only 


Vli lis»‘s 


Wisconsin A+H 
WashiiiRion A+B 
Black ling and Wisconsin B 


Error \aiiancc foi analysi.‘« 
of- 


3 groups of , 
symptom 

I.VPCS i 


31 
♦> 14 
« f)2 


2/5 7H 
14 U3 
2» 77 


DISCUSSION 

Only a rough quantitative measurement of the st'Vi'iity of virus 
symptoms can be made by a disease-seve'rity i-ating sysle'in. Howt'vi'i*, 
it is believe'd that sufficient evideiK'e is presented here'in to show that 
there are' marked differences in the susceptibility of cabbage' varietie*s 
to mosaic viruses. 

The' varieties manifesting the most resistane^e* to e'abbage* mosaic ai*e' 
Wise'onsin All Seasons, Ste'iids Early Flat Dutch, All Jlead Selee‘t, 
Suc.cession, and Globe'. All of the'se except Globe are of the same 
type (flathead, late midse'ason). The first four named are' very similar 
in type and time of maturity; of tlu'se Wisconsin All Se'asons anel All 
Head Select ae*e yellows-rc'sistaut. All He'ad Se'lect is markedly more 
re'sistant to mosaic than All Head Early, from wdiie*h it. was ile'rived. 
More'over, All Head Seh'ct re'sembh's Wisconsin All Se'asons anel Ste'in's 
Early tlat Dutch more' than it doe*s All Ileael Early. Globe* and 
Succession are more susceptible* than the others in this group. Globe, 
wdiich is yellows-resistant, is mai’kedly more* j-e'sistant than Glory e)f 
Enkhuize'n, from which it was de'rived. All of the varietie's in this 
most resistant gi*oup characteristically show^ general chlorosis, ve'in 
clearing, and slight mottling, and there is no extreme leaf distortion 
here as is characteristic of the more susceptible* varie'tie's. In gene*ral, 
the effects of cabbage virus B predominate* ove'r those of virus A. 

Early Jersey Wakefield, Charleston Wakefield, Golden Acre, Re- 
sistant Detroit, Copenhagen Market. Marion Market, Midseason 
Market, Glory of Enkhuizen, Early Round Dutch, All Head Early, 
and Preniium Late Flat Dutch occupied an intermediate position of 
susceptibility. Early Jersey Wakefield and Charleston Wakefield 
w ere usually less susceptible than the others in this group. All round- 
headed varieties tested show^ed almost identi(*.al reactions. No differ- 
ence was noticeable between Resistant Detroit (vellows-resistant) and 
Copenhagen Market (ycllows-susceptible). Alf roundheaded varie- 
ties of this group showed severe or very severe yellow mottling, severe 
leaf distortion, severe stunting, and necrosis. Early Jersey Wakefield, 
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Charleston Wakefield, All Head Early, and Premium Late Flat Dutch 
showed much more pronounced efTects of virus B (vein clearing, vein 
handing, and general chloiosis) than did any other varieties studied. 
These varieties were especially good indicators for this virus. 

In the most susceptible group are such varieties as Ferry's Hol- 
lander, Wisconsin Railhead, Improved Wisconsin Ballhead, Penn State 
Railhead, Wisconsin Hollander*, and Bugner. However, the last three 
varieties mentioned were only moderately susceptible through mid- 
season and showed no woi-se effects than the roundheads at the time 
the latter were mature. By the time the ballheads were mature, 
ho weaver, thc^y showed very severe symptoms. This would indicate 
that these varietic's were more susceptible than the roundheads be- 
ciuise of a longer growing period. This is not true, however, of Ferry's 
Hollander and Wisconsin Railhead, whic*h were most severely afl’ec^ted 
throughout the season. These two varieties were by far the most 
susceptible ones studied. Improved Wisconsin Ballhced is distinctly 
more lesistant than the original Wisconsin Ballhead. Although the 
symptoms on all varietic's were the (‘ombined efi‘ects of viruses A and 
l\, those on the balllieads were predominantly those of virus A (coarse 
mottling, leaf distortion, and necrosis). The mottling was yellow' 
greem instead of yedlow’ as on the roundheiided varieties. 

The jelative susceptibility of the various varieties was about the 
>ame whethcT the cabbage^ A strain or cabbage blac’k ring strain of 
turnip virus 1 was combined with the cabbage R strain of cauliflower 
virus 1 to produce the mosaic disease. However, the l)lac‘k ring virus 
produced more* necrosis but Ic^ss mottling and leaf distortion than 
virus A. When the over-all disease severity was c*onsiclcuecl the tW7) 
viruses were ecpially severe; when only necuosis was c*onsidered, the 
black ring virus was the* more severe. 

That the viruses clausing c*abbage mosaic* in the Puget Sound section 
are identical with those oc*curringin the Midwest rather than wdth the 
cabbage viruses oc‘c*urring in (California is shown by this investigation 
and by extensive greenhouse tests not repoi led herein. 

SUMMARY 

In a su] vey of the relative susc*eptibility of ccTtain cabbage varieties 
to mosaic virusc^s it was found that the varieties rc*presentc'd a distinct 
gradient but fcdl roughly into thrcH' classes of susceptibility. The 
least suscc'ptible group includes Wisconsin All Sc^asons, Stein's Early 
Flat Dutch, All Head Sc»lec*.t, Suc'cession, and Globe. The group of 
intermcHliate susceptibility eomprisc\s Golden Acre, Resistant Detroit, 
(Copenhagen Market, Marion I^Iarket, Midsc^ason Market, Glory of 
Enklmizcn, Early Round Dutch, Early Jeu-sey W'akefield, riiarleston 
W'akefieki, All Head Early, and Premium Late Flat Dutch. In the 
most susceplil)le group are Wisconsin Hollander, Bugner, Penn State 
Ballhead, b\^rry'^ Heillander, Wlsemisin Ballhead, and Improved 
W isconsin Ballfiead. The first three listed in this group show only 
moderately severe symptoms until late season, when they break and 
show ve^ry severe effects of the disc'ase. Wlien the over-all severity is 
considered the varieties occupy about the same position of relative sus- 
ceptibility w^hether cabbage' virus A or the cabbage black ring virus 
is combined with virus B to produce the mosaic disease. 
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BEET MOSAIC’ IN THE PACIFIC NORTHWEST ‘ 

l^y Glknn S. Poi'NH* 

Formerly oHHoviatv patholof/inf, Dirixion of Fruit uud Vrf/ctahle Fropn aud Dis^ 
raftcit, Hurcau of Plant Jnduxtvih Soils, and Apriculturat Fnf/in(*erinff, Af/rirul- 
tarot Rvsrarvh \dnnnistrittiftn. Fniird Statrs Dvpartnwnt of Agrivutturc 

IXTUODFi TIOX 

For several years mosaic has been a serious disease of pirden beets 
(Beta nf/(/aris L. ) ^rowii for seed in the Pu^et Sound section of Wash- 
ington. In Ihin Jones (<S') ^ reported the findinj^ of seed fields in 
which 100 jiercent of the plants were infected. The system of (*ulture 
used in the past few years has tended to increase the severity of mosaic. 
Serious reductions in seed yield have resulted and, in consequence, the 
acreage of garden beets for seed has gradually declined even though 
prices have risen durinjr the period. Hecause of wartime demands tor 
increased seed j)roduction a disease-investigation projrram was under- 
taken in this important seed-producing section. This paper is a report 
of a study of the occurrence, host range, symptoms, and proj)erties of 
the virus causing mosaic, 

M.\TKUIALS AXI» .MKTHODS 

The culture of the beet mosaic virus tested was obtained in from 
an infected seed plant of garden beet. Symptoms, host range, and 
pro[)erties Avere studied in a greenhouse which was fumigated fre- 
(luently to control insects. Air temperatures were maintaine<l at 6t)^ 
to 70‘" F. Stock cultures of the virus were carried in plants of mangel 
(Beta ralganx) growing in insect|)roof cages. Frequent inoculations 
of healthy plants were made to provide iiKHudum for study, l^lants 
Used in the experiments were grown in greeidiouse compost in 4-inch 
clay pots. Mechanical inoculations Avere made by sprinkling the 
plants with powdered carborundum and then sponging them with small 
l>its of absorbent cotton dipped in sap extract from stock-virus j)tants. 
Insect transmission was carried out by allowing nonviruliferous aphids 
to feed on diseased plants for 24 to 48 hours and then transferring them 
by means of a camers-hair brush to a small bit of jiaper. This paper 
was then placed on healthy plants to which the ajdiids moved to feed. 


‘Received for i)nl)li<*atlon September 11, Co(a>^'rative investigation by 

Hureau of Riant Industry, Soils, and Agricultural Engineering and the Washing- 
ton Agrieulturai Experiment Stations at the Vegetable Seed I’nHluctlon Labora- 
tory, Mount Vernon, Wash. Scientific Paper No. 672 of the State College of Wash- 
ington and Washington Agricultural Exiierimeiit Stations. 
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Properties of the virus were determined aecording to methods re- 
cently described {17). In making the. host-range study, at feast five 
plants were inoculated in each test and an equal number of uninocu- 
lated plants were ke])t as controls. Most tests weiv repeated one or 
jnore times. The presence or absence of the virus in each test was 
confirmed by mechanical transfer from the host in (piestion to test 
plants which j)roduced characteristic symptoms. 



Fj(irKK 1.-- Systemic syiiiptoiiis lu’odiiced (m leaf of J)anish SluUstrup uiunf^^el 
by the beet ni(»saic virus. Note mottling ami chUu’otic ringing. 

KXPEUIMEXTAL KESPLTS 
SYMin'OMS AND HOST ItANCiE 

In the field the symptoms of beet mostiic may assume a multiplicity 
of forms. Mangel, sugar beet {Beta vulgaris)^ and chard {B. vul- 
gariH var. cida 1 j,) characteristically show a conspicuous mottling 
with chlorotic rings and ring spots that become zonate and frequently 
necrotic with age (fig. 1). These ring spots usually consist of yellow 
ring.s with dark-green centers. On older leaves the lesions may 
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develop in a conspicuous pattern of concentric ringing with reddisli- 
brown pignientation. On garden beet the symptoms usually appear 
as a conspicuous vein crlearing followed by numerous small chlorotic 
rings with pigmented centers or as solitl chlorotic spots with pig- 
mented peripheries (fig. 2, .4, C). King spotting may be entirely 
absent from some jJants, a chlorotic mottling being the prevalent 
symptom. Often young leaves show a conspicuous, irregularly 
etched pattern along the veins (fig. 2, B). The concentric ringing, 
consisting of alternately pigmented and light areas, is very charac- 
teristic and may occur with pigmented or light centers. Infected 
plants usually develoj) an ex(‘essive amount of anthocyanin pigment 
and are thus easily delected in a field. With age the seed plants may 
develop necrosis, whicli is followed by severe leaf abscission. Leaves 
of infected plants often become very coriaceous. Stunting and dis- 
tortion of leaves are very pronouncecl. 



Figuke 1!. — Systemic symptoms (if beet mosaic on leaves of garde!! beet: A, 
Clilorotic vein c*l(‘arlng; li, etched pattern along veins; C, pigmented rings 
and ring sjxits. 

In table 1 are given the symi)tonis produced on various hosts in 
greenhouse tests. It will be noted that the virus was rather restricted 
in its host range, as in families other than (^lenopodiaceae and 
Amaranthaceae it infected only chickweed, aster, zinnia, shepherds- 
j)urse, verbena, i)ansy, lodanfhu^s pinnatifidus (Michx.) Steud., and 
New Zealand spinach among the 68 species inoculatetl. In nature 
beet mosaic occurs very widely on Aiiiarmdhns retro-fiexus L., affect- 
ing a relatively liigh percentage of the plants in tlie seed-growdng 
section. It also occurs widely on zinnia, usually together with a 
strain of cucumber virus 1 and a strain of turnip virus 1. The beet 
mosaic virus has been isolated frequently from lambsquarters, and 
it commonly infects spinach seed plants. It is thought that in addition 
to Beta vulgaris^ spinach, zinnia, and AmamnthuH are the primary 
natural liosts. It is of interest that this virus was infectious to 
shepherds-purse and lodanfhm but not to other cruciferous plants 
tested. Hoggan (7) was able to obtain local symptoms on tobacco 
with the sugar-beet mosaic virus by aphid transmission but not by 
mechanical transmission. In the present study aphid transmission 
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to this host was not attempted, but mechanical transmission tests 
were negative. 

Table 1. — Symptoms produced on various species inoculated mechanically with 
the heet mosaic virus in the greenhouse at (i0° to 70° F. 


Local symptoms 


Family and jdant 


AIZOACEAE. 

TetTagonia expan, w Murr. 
(New Zealand spinach). 

AMARANTHAC^EAK: 

AmaranthuH retroflerus L. 
(pigwetHl) . 

CARVOPHYLLACEAE; 
Sfellaria mefiia (L.) I’yrill. 
(cliickweetl). 

niENOPODTACEAF- 

Atriplei hortensix I,, (orach). 


Tieta vulgarix L. (garden beet, 
vars. Detroit Dark Red, 
Wonder) . 


Beta vulgaris var. ciefa L. 
(Swiss chard, var. Lvicui- 
lus). 

Beta vulgaris (mangel, vars. 
Dani.sn Sludslrup, Gold- 
en Tankard). 


Beta vnlgarh (sugar beet, 
var. Klein Wanileben). 
Chenopodium album L. 
(larnbsquarters). 


Spinada oUrarea L. (spinach, 
var**. Nobel, Viking, Vir- 
ginia, Savoy, Old Domin- 
ion, Bloomsdale, King of 
Denmark, Hollandia, 
Giant Thick-Leaved). 

COMPOSITAE- 

.4»fer amellus L. (astci) 

Zinnia elegans Jacq. (zimiia, 
var. Lilliput). 

CRLCTFERAE: 

Capsella bursa-pastoris (L.) 
Medic, (shepnerds-purse) . 

Jodanthus pinnatifidns 
(Michx) Stead. (Thely- 
podium pinnatifidiim) . 

VERBENAtfEAE: 

Verbena hybrida Voss (gar- 
den verbena). 

VIOLACEAE: 

Viola tricolor L var. Horten- 
sut DC. (pansy). 


Small, pin-point, necrotic le- 
sions with conspicuous yel- 
low halo. 

Small, necrotic lesions in 10 to 
14 days. 


None . 


Numerous, small, chlorotic 
rings, soon bc'comlng tan 
and necrotic (parchment- 
hke). 

Fe\\ pigmoiitiHl lesions or 
small, pigmented rings oi 
ring spot.s. 


Scattered, chlorotic lesions, 1 
to 2 mm. ill diametci 

As dcsciiM for Swiss chard, 
siwradic in occurrence. 


-do - 

N umerous, distinct, pin-point, 
chlorotic lesions, consisting 
of tan centers surrounded 
by chlorotic halos. 

N umerous, pin-point, chlorotic 
lesions, enlarging slightly 
and becoming golden yid- 
low; sometimes becoming 
necrotic. 


None - 

---do 


Small, chlorotic lesions becom- 
ing necrotic and zonate. 
None 


.-do - ... --- 


do. 


Systemic symptoms 


None, virus reco\ered only from inoc- 
ulated leaves. 


('onspicuous vein clearing and fine 
mottling, leaving young leaves se- 
verely stunted and distorted. 

Small but conspicuous, chlorotic le.sions 
with marked leaf distortion; chloiotic 
vein clearing; stunting. 

Nunioicus, small, whitish dots devcl- 
(»ping into a yellow mottling, yellow 
vein elcaiing; marked curling of leaf 
laTtiiime arui i>etioles: old leaves be- 
eoming necrotic and dying. 

Marked chlorotic vein clearing fol- 
lowed bv an irregular ring sporting 
and efened pattern, young leavi*s 
sevc‘rely stunted and distorted, cuii- 
mg along tlie margin.«. yellow-grei'ii 
mottling and marked reddening de 
\ eloping with age; root develojmient 
severely suj)pres.sed. 

Conspicuous vein eU'uring followi'd !>> 
chlorotic mottling; marked stunting 
and distortion of leaves. 

Consfiicuous vein clearing followed by 
chlorotic mottling; young leaves 
show extensive chlorotic areas at leaf 
anev; marked stunting and distortion 
of young leaves. 

Do 

Fine inoltling with marked leaf distor- 
tion, veiy *!evere stunting, lethal in 
3 weeks. 

Vein clearing followed by fine yellow 
mottling with seveic stunting and 
distortion of young leaves, many 
plants reduced to consjacuous ro- 
sette, lethal to many plants. 


Fine mottling composed of numcroii«, 
small, chlorotic dots 

Mild, difTiiso, yellow’ mottling; slight 
stunting and distortion of leaves. 

Mild, fine, chlorotic mottling. 

Marked chlorotic vein clearing and fine 
mottling. 


None; virus recovered in moderate con- 
centration. 

Do. 


On spinach the beet mosaic virus produced both local and systemic 
symptoms that were easily confused with those produced by turnip 
virus 1 and a stniin of cucumber virus 1. Symptoms produced on 
spinach, Amaranthus, lanjbsquarters, and New Zealand spinach are 
shown in figure 3, 
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FkjUiie — ►Symptoms proilnm! l»y the beet mosaic \irus on selected greenhouse 
hosts: .1, Systemic symptoms on leaf (d Amara^thuH rctrofivxus : B, local 
s.Muptoms on the same* host ; lo<‘al chloredic hsious on Tftragonia expama; 
/>, l(M*al <*hlorotic lesions on leaf of Chvuopodnnn album; E. systeanic symptoms 
on ^pruacia o/crr/cca, var. Hollandia. 


No infection was obtained on the following species in mechanical 
inoculation tests: 


(^AMPANTTLACEAE : 

Campaimla nudium L. ((‘anterbur>- 
hells). 

( AUYOPHYLLAf^KAE: 

DiauthuH bavhatus E. t sweet- 
william). 

( OMPOSITAE: 

(UiUndula offivinalis L. (calendula, 
var. Orange King). 

(Uniaurva nigra L. (knapweed). 

Ccntaurca repems E. (Russian 
kiiapwetnl ) . 

(Ingsanthcmum rnorifoliuw Ram. 
( chry sa nthemum ) . 

Ciraium arrnisc (L.) Scop. (Canada 
thistle). 

Dahlia pinnata Cav. (dahlia). 

Hcliantlms annuus L. (sunflower). 

lAiviuca saliva E. (lettuce, var. 
Iceberg). 

Tagetes patula E. (French mari- 
gold). 

(7RUCIFKRAE: 

BrnssU*a jmtrea (L.) Cosson (In- 
dian mustard). 

Brassica oleravea var. capitata E. 
(cabbage, var. Jersey Queen). 


cure n V ERAE — Continued 

Brassica oleravea. var. gcnimifcra 
(1)(\) Zenker (bru.«sels sprouts, 
var. liOng Island Mammoth). 

Brassica oleracca var. gonfrglodcs 
E. (kohlrabi, var. Early White 
Vienna). 

Brassica pvkinensis (Lour.) Rupr. 
((^hinese cabbage, ^ar. Wong 
Rok). 

(^heirauthus rhchi Jj. (wallflower). 

Ilcsperis matronalis L. (dames 
violet). 

Lepidium rirginicum L. (wild pep- 
pergrass). 

Lobnlaria maritima (L.) Desv. 
(sweet alyssum). 

Malcomia maritima (L. ) R. Br. 
(Virginian stock). 

Maithiola incana var. annua (E.) 
Voss (annual stock, var. Dwarf 
Large Flowering Ten Weeks). 

Neslia pauiculata (L.) Desv. (ball- 
mustard). 

Rnphanus salivus L. (radish, var. 
Early Scarlet Globe). 

Thlaspi arvenae L. (pennycress). 
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(’UOUUBITAdEAE : 

Cuvumifi sativus L. ((‘ucuinber, var. 
Long Green). 

Cucurbita pvim I-., (sugar pumiikiu). 

DIPkSACAOEAK: 

Srabiom atropnrpurra L. (nioiirn- 
Ing bride). 

LABTATAE : 

Salvia sitlrndi'Ns Ker. (scarlet 
sage). 

LEGUMINOSAE : 

Lathy run odoraiu» L. (sweet pea). 

Lupinus pahcaceaH Beiitb. (lupine). 

Phaaeolus cowmens L. (scarlet 
runn€»r bean). 

Phasvolus vulyaris L. (bean, var. 
Kentucky Wonder). 

Vigna smensis (Tamer) Hassk. 
(cowpea, var. Blackeye). 

PHYTOLACCA(’EAE : 

Phytolawa amcricana L. (poke- 
weed ) . 

POLKMONIACEAE: 

Phlox drnmmohdii ITnok. (annual 
phlox). 

POLYGONAGEAE: 

PolygoYmm hydropiper L. (sniarl- 
weed). 

Polygonum seandeus L. (false 
buckwheat ) . 

Uumex owidentalis S. VV’ats. (dock). 


KANUNfJULAClEAE : 

Dclphiuium ajaris L. (rocket lark- 
spur). 

UESEDAOEAE : 

Reseda odorata L. (mignonette). 

SCBOPHULAUIACEAE : 

Digitalis purpurea L. (foxglove). 

SOLANAGEAE : 

Atropa helladomia L. (belladonna). 

Capsivtim frutesvens var. cerasi- 
forme (Mill.) Bailey (cherry 
l)epper, var. Early Calilornia 
Wonder). 

Datura met el L. 

Lueopersicon esculent urn Mill, (to- 
mato, var. Earliana). 

Mea ndra pliy sal odes (L.) pers. 
(apple-of-Peru ). 

M(‘o1iana rustira L. 

Nieotiana tahaeum L. ( tobacco, var. 
(\>nnecticut Havana 38). 

Physalis pnbeseens L. (husk to- 
mato). 

Holanum integrifolium Poir. ((Chi- 
nese scarlet eggplant). 

Solatium melongena L. (eggplant, 
var. Black Bemuty). 

Solan urn tuberosum 1a (potato, 
vars. Russel Burbank and White 
Rose). 

rMBELLIFERAK: 

Dtueus earoia L. (carrot, var. Red 
(\>re(l (Miantenay). 


PUOPEKTIKS 

In determining the pliysical properties of the l)eet mosaic virus, 
Danish Sludstrup mangel was used as the inoculation test plant and 
as the source of iiKK'ulum. Mangel rather than garden beet was 
used because of the absence of anthocyaiiin pigmentation, which is so 
common in the latter. The properties of the virus are given in table 2. 

The inactivation points were dilution toleran(*e 1 to 2,000, thermal 
inactivation Gl"’ C. for 10 minutes, and aging in vitro 72 hours. These 
agreed very closely with those given by Hoggan (?'). In view of 
the properties and symptoms described, there seems no doubt that 
this virus is identical with that described as causing sugar-beet mosaic 
in this country (?', 5, 12). Throughout the studies no evidence of 
variability in the symptoms or host range of this virus was seen. 

Verplancke {16) reported the physical properties of the beet mo.saic 
virus in Belgium as follows: Thermal inactivation 90"^ to 95 C. for 
10 minutes, dilution tolerance 1 to 100,000, and aging in vitro at room 
temperature 144 hours. It is obvious that the virus used by Ver- 
plancke was not the same as that used in this study or as the one used 
by Hoggan (7) . 
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Tahlk 2 . — Properties of hect mosaic virus as detei'mincd hy the vumher of 
inoculated many el plants that became infected 


(10 plants inoculated in each trial] 



Plants infected with beet mosaic virus 

TyiH! and degree of treatment 






First 

Second 

Third 

Fourth 


trial 

trial 

trial 

trial 

Dilution: 

Number 

Number 

Number 

Number 

0 

10 

10 

10 

10 

1-10 ... 

0 

9 

10 

4 

1-100- . 

3 

2 

4 

3 

1-500 -. .. 


1 

1 

0 

1-1, (HK). 

1 

1 

0 

0 

1-2,000... . 

0 

0 

0 

0 

Aging m vitro (hours at 2(r 





0 

10 

10 

5 

10 

24 

2 

2 

3 

5 

48 

0 

0 

0 

3 

72 

0 

0 

0 

0 

Heating for 10 minute, s ) 

1 i 




0 

i 10 1 

10 

10 

10 

50 

iU 

1 8 

9 

8 

51 

8 

9 

8 

8 

52 

' 10 

10 

0 

8 


' 8 

8 

8 

3 

54 .... 

: 8 

10 

7 

5 

55 

« 

10 

3 

5 

5<» 

! 2 

7 

2 


57 

, 3 1 

b 

2 

2 

58 

5 

1 4 

1 

0 

50 

' 0 

1 1 

0 

1 

lid 

0 

! 9 

1 

0 

Oi 

0 

; 9 

1 9 

i 0 


i 


TRANSMISSION 

'File virns was loadily traiisuiissible. by iiiechanical means with or 
witlioul j)owdere<l carborundnin as an abrasive. Hofifjan (7) and 
Rawlins and Tompkins ( 11) also were able to transmit by mechanical 
means the virus of sugar-beet mosaic occurring in this country. Earlier 
Robbins {IJ) and Jones (S) had reported negative results in me- 
chanical transmission tests. It seems probable that techniques used 
leather than variability in the virus e.\plain the differences in results 
obtained in mechanical transmission tests. 

No evidence was found that would indicate any reduction in activity 
of the virus in saj) obtained by macerating spinach or beet tissue as 
has been reported for other viruses affecting these hosts {9). 

Transmission was readily obtained with the black l)ean aphid (Aphis 
fabae Scop.). It is a common occun-ence for this aphid to develop 
abundantly in beet seed fields aiul on wild chenopodiaceous hosts dur- 
ing mid.summer and to migrate thence into young steckling beds. It 
is thought that this aphid is the primary vector among chenopodia- 
ceous hosts. The gi’een peach aphid (Myzvs pcrsicac (Sulz.) ) was also 
found to Ik* a vector, ami it is probable that spread to nonehenopodia- 
ceous hosts wcurs bv this vector. Transmission was also obtained by 
the cabbage aphid (Brevicoryne hrassicae. (L.) ) ; but since it is difficult 
to obtain colonization of this aphid on beet and spinach, it is thought 
that this aphid is not a common vector. 
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In 1943 a large sample of garden beet sfed (var. Asgrow Wonder) 
was collected from plants known to be infected with the mosaic yirns. 
Over 5,000 seedlings were grown from this seed in steam-sterilized 
soil, and after 4 weeks’ growtli no evidence of mosaic infection was 
found. The virus was isolated, however, from semimature seed by 
macerating the seed in a small amount of water and inoculating 
healthy plants. Similar tests with well-matured seed were negative. 

Workers with tlie sugar-beet mosaic virus occurring in continental 
Europe and England have I'eported varying results from mechanical 
and seed transmission tests with the virus. Verplancke (If)) was i*e- 
peatedly successful in mechanically transmitting the virus in Belgium. 
Smith (7.j) Ji^Jii^J^tudiesof the virusin England, obtained mechanical 
transmission from beet to beet and fi*om beet to lambsquarters. 
Boning (7), Boning and Schaffnit (t!?), and Schmidt (/•?), on the other 
hand, were unable to transmit mechanically the virus causing mosaic 
in Germany. Ducnmet (J^) reported ])ositive results from seed trans- 
mission tests, and Verplancke (If) was able to show 7.1 percent trans- 
mission in seed fi‘om mosaic-infected plants. Gram (tf), howevei*. 
rej)orted that ti’aiiMuission through seed had not been observed iiT 
Denmark. Smith (Lit) stated tliat there was no evidence that more 
than one virus was involved in the mosaic in these areas. 

CONTROL 

The method that has been followed in the Puget Sound section 
for the production of beet seed has been ideal for a continuous ])er- 
pet nation of m()sai(‘. Steckling beds have been planted indiscrim- 
inately in relation to maturing seed fields and have often been adjacent 
to theln. 'Inhere is an overlapping period of almost 3 months from the 
time of sowing seed to harvesting seed fields.* Aphid migration from 
seed fields to steckling beds during this period has insulted in very 
Avidespread infection of seedling plants. Infection (d as high as 
100 percent of the plants has been the rule rather than the excej)tion. 
This condition is identical Avith that for mosaic of seed plants of cab- 
bage in the Puget Sound section (10). In 1931 Jones (H) pointed out 
the fallacy of such cultural j)ractices in })roduction of beet seed. 

Recommendations to locate steckling beds in areas isolated from 
diseased fields have resulted in fair to good control of beet mosaic, 
but the results have been much less satisfactory than those reported 
for cabbage mosaic (10), In table 3 are given the results obtained in 
1944-45. Very similar results Avere obtained in 194fV14. These data 
show that, CATii though the isolation of steckling beds used during these 
two seasons did not completely prevent the disease, practical control 
was obtained. 

*See(l is sown in steckling i)e(ls during June. In late fall the roots are taken 
up and placed in pit storage for the winter. The following April they are 
transplanted to seed rows, and during August and September seed is harvested. 
Although secondary infections omir after transplanting in the spring, the 
disease initiated at this time is much less serious than that initiated during 
the seedling stage. 
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Table 3. — Epcct of isolation of stecklinff beds on amount of mosaic on plants 
in seed fields of garden beet, mangel, and chard, 

(Each value based on sample of 600 plants] 


Excellent (more than 5 miles) 

Mangel 

Chard 

Oardeubeet . 

Do , 

Mangel - 
Do .. 

Garden beet 
Do.. 

MangeL*. _ . 

Do 

Poor (less than 1 mile) 

Mangel . 

J)o ... 

Garden beet . .. 

Chard 

Mangel . . 

Do . 

Verj poor (less than mile) 

( Jiard 

Ganlen beet .. 

Do 

Mangel 

Do 

Do 


:ng beds and crop 


Field No. 


1 

1 2 

3 

4 

5 

6 

7 

8 
J 9 

> 10 

2 11 
2 12 

13 

14 

15 

16 

18 

19 

20 
21 
22 


Plants 

infected 


Percent 

1 

1 

3 

5 

5 

6 
H 
21 
21 
26 

IH 

45 

55 

58 

98 

99 

60 

94 

97 

98 
100 
100 


• P ields 2, 9, and 10 were from beds at t he same location. Note that chard u Inch was seeded much later 
than mangel had much less infection. 

' }1 and 12 came from 2 beds side by side, but the bed for field 12 was seeded 2 weeks earlier than 

t hat for field 1 1 . 

Four of the fields (7, S, 0, and 10) were in the same location more 
than 20 miles from the nearest known beet seed field. The moderate 
infection fouml seems to indicate rather widespread (K^currence of the 
virus amon^ wild host ])lants or a wide ran^e of dissemination of the 
aphid vector. Efforts to find wild host plants infected with the beet 
virus in this section, liow(‘ver, were unsuccessful. Cabbage plants 
grown in the same l(K*ation and having the same degi'ee of isolation 
from cabbage seed fields escaped infection with cabbage mosaic almost 
entirely. Fields 1, 3, 5, aiul (>, which bad the same degree of isola- 
tion from the seed-growing section but in different directions, were 
much less infected. 

DISCUSSION 

The mosaic of beet described in this paper is the most important 
disease of b(^t seed crops in the Puget 1^'onnd section. It has also been 
reported as severe in the Sacramento Valley of California,^’ and the 
writer has seen it in seed crops in the Willamette Valley of Oregon, 
l^rewbaker and Gaskill (5) showed losses of seed yields of sugar 
l)eet due to mosaic in Colorado and Idaho up to 31.3 percent and 39 
percent, respectively. The writer is of the opinion that losses in seed 
crops of the garden beet in the Puget Sound section often run well 
over 50 percent. Many seed plants are so severely stunted by the 
disease that yields are very low. Observations lead the writer to 
believe that reductions in seed yields are much greater for garden 
beet than for mangel, sugar beet, or chard. Symptoms produced in 


® Barnett, H. L. vkgetabu: diseases in caufornia. IT. S. Bur. Plant ludus.y 
Soils, and Agr. Engin., Plant Dis. Rptr. 28 : 447-419. 1944. [Processed.] (See 
p. 447.) 
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the greenliouse on the last three hosts are also less severe than those 
on garden beet. 

It is notable that the beet mosaic virus has a restricted liost range 
except in the Chenopodiaceae, and occurs widely in nature on only a 
few wild hosts. It lias been found to infect commonly zinnia and less 
commonly spinach, togetlier with a strain of turnip virus 1 and a 
strain of cucumber virus 1. In the field, each of these three viruses 
produces symptoms on spinach that may easily be confused with those 
of each of the others. 

The biennial nature of beet necessitates certain cultural practices 
if virus maladies aie to be avoided in seed crops. Either the aphid 
vectors must be controlled during the overlapping period of the two 
seasons or steckling plants must be grown in sections free of virulif- 
erous aphids. The cool prevailing temperatures of the Puget Sound 
section make it difficult to control aphid vectors sufficiently to prevent 
widespread virus infection. Consecpiently, it has been necessary to 
avoid the period during which virul if erous aphids are extremely 
migratory by growing steckling be<ls in sections isolated from seed 
fields. This practice, however, has not completely prevented the dis- 
ease even though practical control has been obtained. (ku*tain sec- 
tions, even though excellently isolated, have been only moderately free 
of mosaic. 

The symptoms, host range, and ])roj)erties described for this virus 
indicate that it is the same virus that has been described as causing 
sugar-beet mosaic* in this country (o, 7, <9, 1:1), No differences coidd 
be seen in parallel inoculations with the Puget Sound virus and an 
isolate of beet mosaic virus from the Sacramento Valley of (California. 
Proj)erties and symptoms of the virus of sugai -beet mosaic in Idaho 
and California described by Hoggan (7) are almost identical with 
those given herein. 

The beet mosaic in Europe (f, 6*, f/A /4, 1(1) is tluaight to 
be caused by a virus distinctly different from that reported in this 
paper. The European virus lias a much wider host range {lo) than 
that of the beet mosaic virus described herein and distinctly different 
physical properties {Id), 

SIMMAUY 

A mosjlic seriously affecting the beet seed crops in the Pacific North- 
west is caused by a virus thought to be identical with the virus of 
sugar-beet mosaic previously reported from this country but different 
from the virus reported as causing beet mosaic in Europe. 

The beet mosaic virus was found to infect all chenopodiaceous plants 
tested by mechanical inoculation. Of the species tested in other 
families the virus infected only Verhma hyhrida,^ Viola tricolor,^ 
Stellaria media,, Tetragonia expayisa^ Ai<tvr amellm,, Zinnia rlegann^ 
ArnaranthuH retroferuH^ Capnella hurm-pantoriH,, and lodanthun 
pinnatifidus. The first 2 of these hosts were symptomless carriers. 
Over 50 species in 16 different families did not become infected uj)on 
mechanical inoculation. Beta mdgailn,, Spi/rmcia olemeea,, Zinnia 
efegeens, and Amaranlfim rcirofl^exm are considered to be the primary 
natural hosts. 

Two insects, the black bean aphid and the green ])each a]>hid, found 
commonly in beet fields in the Puget Sound section, are vectors. 
Transmission was also obtained with the cabbage aphid, but it is not 
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thought that this insect is a common vector. The virus is also readilj 
transmitted by mechanical means. It was recovered from semi- 
mat ure but not from mature seed. Evidence presented indicates that 
it is not seed-borne. 

A study of the physical properties of the virus showed it to be in- 
activated when aged in vitro for 72 hours at 20'" C., when diluted 1 to 
2,000, and when heated for 10 minutes at 61''. 

Practical control of the disease was obtained in the Puget Sound 
sex^-tion by growing steckling beds in sections well isolated from 
diseased seed fields. 
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THE HEMICELLULOSKS OF MAIZE COBS AND KYE 

STIiAW^ 


]{y Emmictt HeNxNett 

Assistant research professor of chemistry, Massachusetts Agricultural 
Experiment Station 

INTKODECTION 

The carbohydrates of the cereal straws and products represent u 
type of raw' material that can be obtained in large amounts and that 
might be of great commercial value. Of these carbohydrates the most 
important are hemicelluloses and cellulose. The term ‘‘hemicellulose” 
include^s jmlyoses, polyuronides, and cellulosans. Their chemical re- 
lationship to oilier constituents in the plant is not know'n definitely 
nor is the nature of their origin. 

This report presents the results of a partial ((ualitative study of the 
sugars in the liemicelluloses of maize cobs and rye straw as w^ell as a 
determination of their chain length and nuinlxu* of functional grouiis. 

UEVIEW OF THE LITERATURE 

111 1030, IVeece fractionated the hemicelluloses of maize 

cobs into four groups. The products of hydrolysis consisted princi- 
pally of xylose, a methyl pentose, arabinose, and a uronic acid. One 
fraction corr(*sj)onded to the formula 

( C jm) ,3- ( CoH.oO, ) 3- (CoH.()o) . 

w ith a molecular w eight of approximately (),4()(). In 11)36, Angell and 
Norris (J) found that the maximum yield of fraction A from this 
source deiiended upon the ])H at which the precijiitation was brought 
about; the isoelectric zone Avas found to be pH 4.0-4.1. These autliors 
were unable to confirm the presence of the methyl pentose. 

The hemicellulose of rye straw^ have been less w’ell studied. Nor- 
man indicates that they contain at least two fractions, A and B ; 
the nature of the sugars jiresent Avas not determined. Fraction A 
contained 5 percent of uronic acids, 60 percent of an anhjTlropentose, 
and 35 jxTcent of an anhydrohexose ; fraction B Avas made up of 21) 
percent of uronic anhydrides, (>() jiercent of anhydropentose, and 11 
percent of anhydrohexose. 

* Heceivod for publication January 10, 1946. Contribution No. 682 of the Massachusetts 
Afjrlcultural Experiment Station. 

* Italic numbers in I»areiithe8e8 refer to Literature Cited, p. 40. 
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EXPERIMENTAL METHODS 

White maize cobs and rye straw were both grown on college land 
which consisted of Merriinac fine sandy loam. The materials were 
ground to pass a 1-mm. sieve, and were freed of contaminating sub- 
stances in the manner usually employed in such studies. 

The liemicelluloses were removed from tlie prepared material by 
extractions with 4-percent sodium hydroxide. Four 22-hour extrac- 
tions were made in the cold ; a final extraction was made for 0 hours in 
a bath of boiling water. The extracts were mixed and the hemicellu- 
loses precipitated completely by means of acetic acid and 9r)-percent 
alcohol, due attention being paid to the isoelectric points. No attempts 
were made to fractionate the ])recipitate. On the extracted basis, the 
yield was about and 18 i)ercent respectively. Purification was 
effected by the method of Anderson et al. {1) and by electrodialysis. 
The sodium sulfite test indicated the j)resence of a trace of lignin after 
purification. 

The methods employed for characterizition were those cited pre- 
viously {S) and those now to be described. The iodine and alkali 
numbers and Ecu values were determined by the methods of Kline 
and Acree (10)^ Schoch and Jensen (i^)? JDid Fai-ley and liixon {G) 
I'espectively. The iodine number, defined as the number of cubic 
centimeters of 0.1 N iodine in alkaline solution which will react with 
1 gm. of carbohydrate material, is a measure of the aldehyde group 
On the assumption that the aldehyde group is a terminal unit, 
the molecular weight of the carbohydrate may be calculated by the use 
of equation 

ECHO + lo + 3Na()H~>ECOONa + 2NaI -f 2H,0 ( 1 ) 

By inspection it may be seen that 20,000 cc. of 0.1 N iodine will be 
necessary to oxidize the aldehyde group of 1 gm. molecular weight of 
the polysaccharide to the carboxyl group. Hence, the average molecu- 
lar weight of heterogeneous polysaccharide may be calculated from 
(he formula 

20,000/iodine number = molecular weight (A) 

In a manner similar to that described above, the Ecu number may also 
be used to estimate the molecular weight (7). The values obtained, 
however, are extremely low becau.se the reaction does not appear to be 
stoichiometric. A calculation by formula B {11) is a more suitable 
l^rocedure. 

132XRcu (xylose) /Ecu (hemicellulose) = molecular weight (B) 

Analytical data not included here seem to indicate that the Ecu for 
xylose is approximately 2,247. 

Acetylations were conducted according to the method of Haworth 
and coworkers {9), In order to obtain a successful acetylation of 
liemicelluloses from rye straw, it was necessary to hydrate the material 
and then to dehydrate it without allowing it to becxime dry. Acetyl 
values were determined by the procedure of Bryant and Smith {5), 

Specific rotations were calculated from data obtained from a 
Schmidt and Haensch saccharirneter. 

Hydrolyses were effected by a 4-percent solution of sulfuric acid 
during about 4 hours’ time in a boiling water bath. The ratio of 
sample to acid was 1 to 50. 
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ANALYTICAL DATA 


A r&ume of the data obtained is given in table 1. Fermentation 
tests on the hydrolytic products indicated the presence of a very small 
amount of hexose sugars. Gas was not produced until after 6 hours 
of incubation ; no gas whatever was produced in the blanks for the 
same period of time. The saccharic and mucic acid test were not 
wholly conclusive. Mannose was not present. By means of benzyl- 
phenylhydrazine, Z-arabinose was found in the hemicellulose from 
maize cobs, but not in that of rye straw. The presence of xylose was 
established by the xylonobromide test. 


Table 1. — A partial chemical analysin of hcmicelluloHeH from maize cohs and eye 
straw on an ash- and. moistnrc-free basis 


Determination 


Hexose.. 

ITfonic acid anhydride .... ... 

Anhydroxylosc . . .. . .. 

Arabiiiose .... 

Alkali niimlxT . . . . 

Iodine number . 

Molecular weight 

Rcu value (milligrams of copiier rx‘r gram of fadysacchande) 

Molecular weight (from formula 

Molar ratio of uronic acid anhydride to anhydroxylosc 

Molecular weight 

Siieciflc rotation [ojjj 

Before hydrolysis . 

After hydrolysis ...... 

Acetyl value* 

(Calculated (for xylan diac(‘tate, CUIuO®) . 

Found .. 


Hemicellulose 


..percent . 
.-j)ercent-- 


- .degrees. . 
...degrtHis.. 

. percent- - 
. i.)ercent. 


Maize cobs 


Trace 
3 75 
81 2 
Trace 
11 98 
3. 43 
5, 831 
73 00 
4,003 
1 29 
L(X)4 


--93.8 

4-35.1 

39.8 

40.2 


Rye straw 


Trace 
3 67 
85.8 

Not detected 
11.78 
1 14 
17,543 
50 00 
5, 932 
1 31 
4,268 


-94 2 
-f 27 5 

39.8 

39.7 


The residue after hydrolysis amounted to 2.5 and 0.7 i>ercent re- 
spectively for maize cobs ami rye straw. Only a trace of furfural was 
detected in the residue from tlie maize cobs. It need not necessarily 
be assumed that the reacting compound came from the sugars of 
unhydrolyzed hemicellulose. Preliminary tests on the rate and pro- 
cedure of the hydrolysis indicated that a maximum of reducing power 
was obtained in 4 hours. The initial slope of the curves was similar to 
that obtained from starch when treated in the same way. The posi- 
tive optical rotation of the hydrolyzed hemicellulose and the strong 
negative rotation prior to hydrolysis, together with the rate of hy- 
drolysis, strongly suggest that a beta linkage is present and that a 
pyranoside structure is predominant. Haworth and (joworkers (8) 
found that xylan from esparto cellulose of different origin contains 
xyl(>pyranose residues and a constant proportion of combined Z-arabin- 
ose in the f uranose form. 

It should be emphasized that the preparations used for the analyses 
were considered to be heterogeneous ; hence the molecular weights re- 
ported represent the average or the mean of the different fractions. 
As indicated by the iodine number and the Rcu values, the average 
molecular weights differ considerably. These variations for either 
product are due in part to differences in the sensitivity of the methods. 
The iodine method is believed to yield fairly accurate data for sub- 
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stances composed of relatively short chains (i^) . The values obtained 
l)y this method for rye straw hemicelluloses, however, appear to be 
too high. 

The molecular weights determined from the ratio of uronic acid 
anhydride to anhydroxylose are in fair agreement witli those obtained 
from formula B, and probably represent the more reliable data. The 
ratios refer to a chain consisting of 29 and »‘51 anhydroxylose units 
respectively, each having a hexuronic acid anhydride terminal unit. 
On this bases the molecular weights are approximately 4,004 and 
-1,208 respectively for the JIO and J)2 unit chains. The hexose and 
arabinose are constituents of a chain, but their position and amount 
are not known ; hence they have not been considered in these calcula- 
tions. Anhydroxylose and a hexuronic acid anhydride appear to 
account for a]iproximately 85 and 90 percent of the hemicelluloses of 
maize cobs and rye straw respectively. 

The two hemicelluloses are similar to each other and to commercial 
cornstarch in their degree of alkali liability. 

The carbon and hydrogen content of the a(‘etate of maize-cob hemi- 
cellulose was 49.5 and 5.9 ])ercent res{)ectively. The theoretical ])er- 
centage content of carbon and h 3 ^drogen in xylan diacetate, CjJIjjfX, 
is 49.98 and 5.00 respectively. 

The tlata presented strongly suggests that tlie hemicelluloses of 
maize cobs have a beta linkage and have the ])yranose structure. The 
hemicellnlose appears to consist of 81.2 i)ercent of atihydroxvlose, Jh75 
])ercent of uronic acid anhydride, and a trace of both a hexose and 
arabinose. Tlie hemicellnlose of r^^e straw appears to ])ossess the same 
type of linkage and structure ami to consist of 85.8 ])ercent of anh^^- 
(iroxylose, 8.07 pei'cent uronic acid anhydride, and a trace of hexose; 
arabinose was not detected. 


SITAIMARY 

The total hemicelluloses of maize cobs and rye straw were isolated 
and purified. Data for both strongly suggest that the beta linkage is 
present and that the pyranose structure is predominant. Determina- 
tions of the average molecular weights of the hemicelluloses by reduc- 
ing methods and by calculations based on the ratio of uronic acid 
enhydride to anhydroxylose indicate a considerable variation, but the 
most ])robable values are believed to be betAveen four and six thousand. 
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STORAGE OF COTTONSEED AND PEANUTS UNDER 
CONDITIONS WHICH MINIMIZE CHANGES IN CHEMI- 
CAL COMPOSITION ' 

By Mack F. Stansbury, assistant chemist, and John D. Guthrie, senior chemist. 
Southern Regional Research Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department 
of Agriculture * 

INTRODUCTION 

In the investigation of tin* chemical comf)osition of cottonseed and 
peanuts, a method of storage which holds changes in chemical com- 
position to a minimum is needed whenever samples are (‘.ollected in 
considerable numbers and all cannot be worked on at the same time. 
Such a method of storage would also make it possible to keep at hand a 
collection of typical samples needed for investigative work extending 
over a considerable period of time. iThe chief object of the present 
investigation was to find a satisfactory method for storing cottonseed 
samples for at least a year without appreciable change' in chemical 
composition. From a consideration of reports in the literature (4),^ 
it would seem that the storage of peanuts does not present as difficult 
a probh'in as cottonsc'cd storage. Ni'verthek'ss, a few samples of 
peanuts were included in the storage experiments. 

Most seeds retain their viability best when ki'pt dry and at low 
temperatures (S, .5). Simpson { 10 , 11 ) found this to be true for cotton- 
seed. He also showed that little or no increase in free fatty acids 
occurred when cottonseed with a moisture content of less than 9 per- 
cent was stored for 2 years at 21° C. When cottonseed samples were 
stored at 1°, little or no increase in the free fatty acid content took 
place even at a moisture content of 14 percent. With the literature 
on seed viability and Simpson's experiments on cottonseed as a guide, 
it seemed likely that a satisfactoiy method for the storage of cotton- 
seed would be to dry the samples to a moisture* content of 8 pi'rcent 
or less and store at a temperature of 1° or below. However, the 
possibility that storage at a moisture content of 8 percent or less at 
room temperature (25°~28°) might prevent any appreciable change 
in chemical composition made it advisable to include this method of 
storage as well. 

* Received for publication July 11, 1945. 

*The authors wish to thank H. W. Barre and D. M. Simpson of the Bureau 
of Plant Industry, Soils, and Agricultural Engineering, U. S. Department of 
Agriculture, for supplying the cottonseed, and B. B. Higgins, of the Georgia 
Agricultural Experiment Station, for supplying the peanuts. The authors are 
also indebted to Walter A. Pons, Jr., Vidabelle Orr, Richard H. Robinson, Alva 
Faust, and Dorothy H. Petty for aid in making some of the chemical analyses. 

* Italic numbers in parentheses refer to Literature Cited, p. 61. 
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SOURCES OF SAMPLES 

The cottonseed samples were obtained from the field deterioration 
studies of the Bureau of Plant Industry, Soils, and Agricultural 
Engineering. These samples included successive pickings from six 
varieties grown at six locations in the Cotton Belt in 1941 and seven 
varieties from a similar experiment in 1942. A few samples from the 
regional storage tests of the Bureau of Plant Industry, Soils, and 
Agricultural Engineering were used in some of the experiments. 

Four samples of peanuts were obtained from the Georgia Agri- 
cultural Experiment Station. 

METHOD OF STORAGE 

V 

Most of the cottonseed samples had a moisture content of between 
7 and 8 percent at the beginning of the experiment. A few samples 
which contained more than 8.3 percent moisture were dried b(dore 
storage by placing th(‘m in a closed 30® C. forced-draft circulatory 
oven containing a tray of anhydrous calcium chloride until the mois- 
ture content of the seeds reached about 7 perc(‘nt.'^ The samples 
Were mixed thoroughly, divided into four equal portions, and eacdi 
portion was placed in a sc^aied container. On(‘-gallon tin cans were 
used for the larger samples. These were sealed with paraffin. Mason 
jars were used for the smaller samples. One part of the sample was 
analyzed, and the other three' parts were stored at room temperature, 
in commercial cold storage at 1®, and at —18® C. 

The samples of unshellcd peanuts were stored in clost^d, but un- 
sealed, metal cans at room temperature, at 1®, and at —18® C. 

METHODS OF ANALYSIS 

Moisture, total nitrogen, oil, iodine numlx'r of the oil, and free 
fatty acid contemt of the oil were determined by the methods of the 
American Oil Chemists' Society (i). The method of Gr('enbank and 
Holm {6) was used for the determination of the peroxide number of 
the oil. Other methods are described in the following paragraphs. 

FREE FATTY ACIDS IN THE OIL 

Some of the cottonseed samples were too small for free fatty a(iid 
determinations by the method of the American Oil Chemists' Society. 
For these samples the following method, developed by Carroll L. 
Hoffpauir of this laboratory, was used: 

Duplicate 2-gm. samples of kernels yv^re obtained by removing the 
hulls. The kernels were cut fine or crimped and shaken with 100 ml. 
of Skellysolve F for 2 hours on a mechanical shaker. The extracted 
oil was obtained by evaporation on the steam bath of 50-ml. portions 
of the extract filtered into tared 100-ml. oil-extraction flasks. After 
the weight of the oil was determined, it was dissolved in 10 ml. of 
Skellysolve F and 25 ml. of redistilled 95-percent * ethyl alcohol. 
About 5 drops of 0.05-percent m-cresol purple indicator were added, 

^ The possibility that drying in this way might affect the seeds adversely 
was checked by the determination of catalase activity before and after drying 
No appreciable change in catalase activity was found. 
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and the solution was titrated with 0.01 N alcoholic NaOH until a 
purple color appeared. A stream of C 02 -free air was bubbled through 
the solution during the titration. Blanks were run on the reagents 
and corrections made. 

REDUCING SUGARS 

Approximately 100 gm. of cottonsecnl were dried for 30 minutes at 
100® to 105® C., cooled, and dehulled in a BaiUT mill. The kernels 
were separati'd by screening and ground to a fine meal through the 
Bauer mill. Approximately 40 gm. of the ground kernels were weighed 
into extraction thimbles and extracted in a Soxhlet apparatus with 
Skellysolve F for 8 hoiim to remove most of the oil. The material 
was then extracted for 20 hours with 70-pere(*nt ethyl alcohol. The 
alcohol was removed from the extracts by heating on tlu* steam bath 
with frecjuent addition of water, and th(‘ extracts were transferred to 
500-ml. volurnt'tric flasks, headed, made to volume, and deleaded in 
tlie customary mariner. Reducing sugars wei*e detcTmined on 50-ml. 
aliquots by ])iecipitating cuprous oxide according to the Mimson- 
VValker general method (j^, p. 500), followc^d by use of the volumetric 
p(‘rmanganate m(4hod of the Association of Official Agricultural 
Chemists (2, p. Ml~5()2). Rc'ducing sugars were calculated as 
glucose. 

TOTAL SUGARS 

Ali(|uots of the deleaded extr-acts pi‘(‘pared for the reducing-sugar 
di'terminations w’ere us('d for the determination of total sugars, in- 
cluding raffinose. Aliquots of 100 ml. w(*re placed in 250-ml. flasks 
and hydrolyz(‘d by heating under reflux conch^nsei's for 2)2 hours on 
the steam bath w ith 10 ml. of H(M (sp. gr. 1 .125). This long hydroly- 
sis was n(H*(‘ssaiy to insure complete hvdi*olysis of r*affinose. The 
solutions w^ere cooled, neutralized with J^aOH, and made to 250 ml. 
in volumetric flasks. Sugars wcit* dc'termiiK'd on 50-ml. aliquots in 
th(‘ same maniK^r as for reducing sugars, and calculated as invert 
sugar. In some of the total sugar determinations, the 70-percent 
alcoholic extract of oil-free kermds prepared for protein solubility 
determinations was used. 

RAFFINOSE 

Aliquots of the deleaded extracts pn^pared for the reducing sugar 
determinations were used for the determination of raffinose in the 
presence of sucrosi' by the double enzvmatic hydrolysis method of the 
Association of Official Agricultural Chemists (^, p. 4^5). Little, if 
any, sucrose* w as found in the samples of cottonseed kernels analyzed. 
Tlie inv(*rtase was prepared from baker’s yeast and the invertase- 
melibiase from brew^er’s yi*ast. Both solutions were concentrated 
by ultrafiltration (2, p, 4^d2). 

catalase 

Approximately 8 gm. of cottonseed were obtained by mixing and 
reducing the entire samph*. The seeds were split by hand, the kernels 
were removed, chopped fine, mixed thoroughly, and 1 gm. was trans- 
ferred to a Waring blendor. The kernels were ground with 75 to 100 
ml. of water, the sides of the blendor jar being washed down periodi- 
cally with a little water. When a uniform suspension was obtained, 
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it was transferred to a volumetric flask and made to 200 ml. Catalase 
activity was determined immediately on 5-ml. aliquots, by using a 
modification by Davis of Appleman^s apparatus described in Miller^s 
Plant Physiology (7). Determinations were made at 25° C. with 
5 ml. of extract^ 5 ml. of pH 7.1 phosphate buffer, and 5 ml. of 3- 
percent H 2 O 2 neutralized with CaCOs. Volumes of oxygen were 
read at 1-, 2-, and 3-minute intervals, but only the 2-minute values 
will be reported here. 

PROTEIN SOLUBILITY 

The Skellysolve-P-extracted residues from the free fatty acid deter- 
minations were air-dried, ground to pass a 16-mesh screen, and 
extracted with diethyl ether for 36 hours in a Soxhlet extractor. The 
oil-free residue was ground to pass a GO-mesh screen, and hull frag- 
ments were removed by screening. The material was allowed to air- 
equilibrate and the relative protein solubility was determined by the 
method of Olcott and Fontaine {8). Results were calculated as percent 
of the total nitrogen peptized by 0.5 N NaCl solution. 

EXPERIMENTAL RESULTS 

Approximately 100 samples of cottonseed from the 1941 field dete- 
rioration studies of the Bureau of Plant Industiy, Soils, and Agricultu- 
ral Engineering were stored. The free fatty acid (*ontent of the oil was 
determined on all the samples at the time of storage and after storage. 
After the elimination of data on certain samples because of question- 
able accuracy of the original free fatty acid values, as indicated by 
their failure to correlate with germination values supplied with the 
samples, and the elimination of other samples too small to be included 
in all three storage conditions, the samples were grouped according 
to the original free fatty acid values and averages were calculated for 
each storage condition. The summary of these results is given in 
table 1 . V A small increase in the free fatty acid content occurred in the 
samples stored at room temperature (25°-28°), but no increase was 
observed in the samples stored at 1° and at —18° C. The apparent 
decrease in free fatty acids observed in some of the samples stored 
at — 18° might not have been a real decrease, but possibly one arising 
from the difficulties inherent in the sampling of cottonseed. This 
conclusion received support from the data obtained in subsequent 
experiments, especially those reported in table 5. 


Table 1. — Free fatty acid content of the oil after storage of cottonseed in sealed 
containers at various temperatures 


Method 

liauge of free 
fatty acid con- 
tent of oil 

Samples 

Average free fatty acid content of oil 

Start of test 

18 months 
26®~28® C. 

18 months 
l^C. 

18 months 
--18®C. 

A. O.C. 8 

Do - 

Do 

Micro 

Do 

Do 

Percent 

0.1 to 0.3 

.3 to 2.2 

2.2 to 30.0 .... 

.1 to .3 

.3 to 2.2 

2.2 to 12.0 

Number 

2b 

2 

3 

16 

12 

6 

Percent 

0.2 

.6 

1 10.3 
.2 
1.4 
7.2 

Percent 

0 3 
.8 

22.8 

.3 

2.2 

7.9 

Percent 

0.2 

5 

18.3 

.2 

1.3 

5.9 

Percent 

0.2 

.5 

16.7 

.1 

1.0 
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Five of the larger samples from the 1941 field deterioration studies 
were selected to cover the range of free fatty acid content of the 
entire group of samples. The results of analyses made for free fatty 
acid content of the oil, iodine number of the oil, peroxide number 
of the oil, total nitrogen content of the kernels, and catalase activity of 
the kernels are given in tables 2 and 3. \The data show a small increase 
in the free fatty acid content of the oil in the samples stored for 18 
months at room temperature, but no increase in the samples stored 
at 1° or *—18° C. A small decrease in the iodine number of the 
oil may have occurred in the samples stored at room temperature, but 
otherwise no appreciable change in iodine number, peroxide number, 
total nitrogen content, or catalase activity took place under any 
of the storage conditions. It is of interest to note that the catalase 
activity of high free fatty acid cottonseed was considerably lower 
than that of low free fatty acid samples. \ 

^Six samples of low and high free fatty acid content from the 1941 
crop were stored at room temperature for 24 months to ascertain 
whether or not any change in sugars would take place. The results 
are shown in table 4. A slight decrease in reducing sugars was observed 
for all samples. \ Although the data seem to show a small average 
increase in raffinose and a decrease in total sugars upon storage at 
room temperature, it is probable that such changes are due to errors 
inherent in sampling cottons(*ed and hydrolyzing sugar extracts and 
do not represent real changes. It is worth noting that the raffinose 
content of the kernels of low free fatty acid seeds was approximately 
8 percent, as compared with 3 percent for high fre(‘ fatty acid seeds.^ 

Germination determinations on 10 sel(‘cted samples stored for 18 
months at room temperature*, at 1°, and at —18® C. showed no 
appreciable change from the values found before the samples were 
shipped to this laboratory. 

With the results on the 1941 storage experiments to serve as a 
guide, 20 sampl(*s were selected from the 1942 crop of the field de- 
terioration studies mc'Utioned above. These included seed samples 
which were high and low in free fatty acids and included 7 varieties 
of cottonseed. The 20 samples, with moisture content between 7.4 
and 8.3 percent, wen* analyzed for total nitrogen and total oil content 
of the whole seed, and free fatty acid content of the oil. After storage 
for 14 months the samples were analyzed again. The results are 
given in table 5. j There was no appreciable change in total nitrogen 
or oil content during storage, but a significant increase in the tree 
fatty acid content of the oil occurred in the samples stored at room 
temperature. No significant change in free fatty acid content of 
the oil was obseiTed in the samples stored at 1° or —18° C. for 14 
months.j 

Seven samples of cottonseed selected for high and low free fatty 
acid content were analyzed for total sugars and relative protein 
solubility of oil-free kernels, stored for 14 months at the various 
temperatures, and analyzed a^ain. iThe results are given in table 6. 
Apparently, a small increase in total sugars and in relative protein 
solubility took place during storage at all temperatures, y It is likely, 
however, that this was due to some systematic error of sampling and 
analysis and that a significant increase did not occur. Especially is 
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Table 3 .— Total nitrogen content and catalase activity of the kernels after storage of 
cottonseed at various temperatures 


A867 
A874 
A91>4 - 
AB2i)2 
AB203 


Analysis No. 

Total iiitrofson (dry basis) 

Catalase (ml. O 2 In 2 min.) 

At start 
of test 

wTo 

2 

18 

months. 
1^ C 

18 1 
months, 

-18° r. 

At start 
of test 

18 

months, 

25°-28° 

C 

18 

months. 

1°C. 

18 

months, 
-18° C. 


Percent 

Percent 

Percent 

Percent i 






t> 4U 

0 58 

0 fl5 

0 08 1 

12 9 

13 4 

13 3 

12.1 

. 

1 5 98 

f. 10 

0 14 

0 19 ; 

: 13 1 

13 8 

13 5 

11.4 


1 5 02 

4 98 

5 12 

5 14 ! 

10 5 

11 0 

11 0 

9.9 


1 0 

0 49 

0 40 

0 45 , 

4 1 

5 1 

5.7 

5,3 


0 83 

1 1 

0 87 

1 

0 80 

0 80 

3 4 

4.0 

3 9 

3.0 


Ibis true of total sugars d(‘termiuations, where acid hydrolysis of the 
sugar extracts probably giv(‘s variable results. Additional data for 
th(^ protein solubility on 5 samples stored 14 months at room tempera- 
ture ar(‘ given in table 7. i An iiicn^ase in relative protein solubility 
was observ(Hl in only 1 of th(‘se samples. Very little change was 
found in the* protein solubility of the extracted meal after it was stored 
for 14 months. This is in agreement with the results of Olcott and 
FontaiiK' 09). The pH values on the Nad extracts of the meals were 
also observed to be relatively unchanged, y 

The results of an experiment in wliich four sampl(‘s of unshelled 
pcninuts W(‘r(‘ stored in closcal, but unsealed, metal (‘ans at room 
temperature, at 1®, and at —18° C., for 30 months, are showm in 
tables 8 and 9. ^ A slight increa.se in tin* free fatty acid content was 
observe<l in rooni-temp(‘ratui‘e storage, but no incnaise occurred at. 1° 
or at — 18°. Th(' increase^ in free fatty aeids w^as very large for one of 
th(* samples that mokhnl at room Uunperature. This sample had 
be(m analyzed at the (*nd of (> months^ storage at room temperature 
and was tlien in good condition. The total nitrogen and oil content 
of th(' kernels and the iodim* number of the oil remained relatively 
constant under all the storage coiulit ious for all the samples except the 
one that molded at j*oom tem])erature. Slight changes in the moisture 
conttmt of th(‘ kermds in this experiment may have been due to the 
fact that the cans w'(‘r(‘ not sealed. In contrast, none of the cotton- 
seed samph*s, which were stored in cans sealed wdth paraffin or in 
mason jars, showed any appre<*iabh‘ change in the moisture content 
during storage at the various temperatures, y 
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Table 5. — Effect of storage of cottonseed at various temperatures on its chemical composition 
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Table 7 Relative protein solubility of the ether-extracted kernels after storage of 
cottonseed and cottonseed meal at room temperature 







Relative protein solubility » 





Free 








fatty 




ArialysivS 

No 

Variety 

Place j?row ii 

Date of pick- 

in K 

acid con- 
tent at 

Start of 
test 

Seed 
stored 14 

Meal 
stored 14 




start of 

months 

months 





test 

at 25°~ 

at 25®- 







28® (\ 

28® C, 





Percent 




Ul 209 

Arkansas Green Lint 

Baton UouKe, 
Li 

- do 

Aug. 28, 1942 

t). 5 

70 

74 

74 

i(} 272 

Goker 100 (strain 3) 

do . 

21 0 

00 

05 

03 

Ul 281 

Stone ville 37 

do 

- - do 

19 9 

! 08 

04 

65 

010 

Farm Reli(>f (strain 3) 

Florence, S C 

Aug 20,1942 

22.5 

70 

08 

07 

id 324 

Seabrook (sea island ) 

do 

Sept 3, 1942 

3 3 

57 

74 

* 55 


» IVrcoiitatif of total nitroj'oii peptize* 1 by 0.5 Ma('l .solution 


Taulk ^ - Anahjsvs of the oil in the kernels after storage ^ of unshelled peanuts at 

va rious te w perat u res 
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90 
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SUMMARY 

Cottonseed samples may be stored for more than a year without 
appreciable change in total nitrogen, total oil, free fatty acid content, 
iomne, or peroxide number of the oil, or catalase activity of the kernels 
by drying to a moisture content of 8.3 percent or lower, placing in 
scaled containers, and storing at 1° C. or below. Under this type of 
storage at room temperature a small increase in the free fatty acid 
content of the oil occurs. Unshelled peanuts may be stored for more 
than 2 years in closed cans at 1° C. or below without appreciable 
change in the total nitrogen or oil content of the kernels, or in free 
fatty acid content or iodine number of the oil. 
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NONPROTEIN AND CAROTENE AS AN INDEX OF 
PLANT ACTIVITY IN RANGE FORAGE ‘ 

By W. E. Watkins 

Nutrilion chemist and associate in animal husbandry, 

New Mexico Agricultural Experiment Station 

INTRODUCTION 

The protein contained in plant tissues is combined in two general 
classifications of compounds ; true proteins and nonprotein nitrogenous 
substances of simpler iiomposition such as amides, amuio acids, and 
their derivatives. These nonjirotein nitrogen compounds, according 
to Maynard (S)“ and Morrison ( 4 ), are abmidant when plant growth 
is rapid but are less plentiful at maturity. 

It is also generally agreed, as stated by Maynard 1,3), that all green 
parts of growing plants arc rich in carotene, while mature plants 
contain much less. Negligible e,aroten(‘ values have been reported 
by Watkins ( 6 ) during the periods of dormancy. In experiments 
with rats Smith and Stanley ( 5 ) found the early-cut blue grama grass 
to be twice as potent as the matiu’e grass in vitamin A, and 100 times 
as potent as tlu> November cuttings. 

It is generally acc(‘pted that the percentages of nonprotein nitrogen 
and carotene in plants are higher during growth than during dor- 
mancy, but just how much higher has not beiui known. In particu- 
lar, there has been very little information concerning the amount of 
nonprotein nitrogen pri'sent in some of the range grasses and browse 
plants during the various stages of growth and maturity. This paper 
reports tlu! results of montlil.y and regular sampling of various range 
grasses and browse jilants of southern New Mexico covering a period 
of 65 months, together with nonprotein nitrogen values for 1 1 of the 
principal spec-ies of grasses ami 2 browse plants; carotene values are 
reported for 2 of the primupal grasses. 

EXPERIMENTAL PROCEDURE 

The aiTangcment of the plots and the system of collection of the 
range forages have been reported in detail by Watkins (7). The 
grass was harvested to a height of 2 ^ or 3 inches from the ground 
depending upon the species. The January samples include all growth 
produced since the preceding January. Likewise the August samples 
iiuJude all grow'th produced since the previous August. 'I'he duration 
of this study was 65 months. One portion of the sample was taken 
immediately for carotene analysis while the other portion was placed 
in canvas sacks, weighed, and kept ui a drying oven for 7 days at a 

* Received for publication August 3, 1945. 

* Italic nuiubers in parenthcKcs refer to Literature Cited p. 69. 
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temperature of approximately 60° C. It was then placed in an im- 
heated conditioning oven for another 7 days, after which it was pul- 
verized in a Wiley mill and placed in glass-stoppered sample bottles 
for analysis. This plan was rigidly followed for all samples. 

The total nitrogen and the albuminoid nitrogen were determined 
on the various forages by the methods of the Association of Official 
Agricultural Chemists {2). The nonprotein nitrogen values are the 
total nitrogen less the albuminoid nitrogen. These three different 
nitrogen systems were converted to protein by the use of factors. 
The total nitrogen was changed to crude protein by using the factor 
6.25, and the albuminoid nitrogen was converted to true protein by 
using the same factor. The nonprotein nitrogen was converted to 
nonprotein by using the factor 4.7 as suggested bv Armsby (7). Here- 
after in this paper the data and discussion will be with the various 
proteins rather than with the various nitrogen systems. 

The carotene was analyzed according to the method of the Asso- 
ciation of Official Agricultural Chemists {2) with slight modifications 
((?). Briefly, the procedure consists of subjecting the pulverized 
sample to saponification in akhdiyde-free aldiolic potassium hydroxide 
and extracting with peroxid(‘-free ethyl ether. The ether solution, 
after washing free from chlorophyllins, flavones, and alkali, is distilled 
under reduced pressure, the residue taken up in petroleum ether (boil- 
ing point 35°-60° C.), and the xanthophyll removed by washing with 
92-percent methanol. 

The most important range grasses of southern New Mexico, which 
were studied intensively and sampled monthly, are black grama 
(Bouteloua eriopoda) and mesa dropseed (Sporobolus Jlexuosus) . These 
were harvested from plots on the experimental ranch of the New 
Mexico College of Agriculture and Mechanic Arts, which li(‘s at an 
altitude of approximately 4,200 feet above sea level and has an 
average rainfall of 9.3 inches, of which slightly more than 50 percent 
usually occurs in July, August, and September. This is normally th(» 
season of comparatively rapid plant growth. 

Vince-mesquite grass {Panicum oltusum)^ alkali sacaton {Sporoholus 
airoides), and side-oats grama {Boutelo'iia curtipendula) were harvested 
and sampled every 60 days, while saltgrass (Distichlis siricia)^ bush 
muhly {Muhlenhergia porteri), chamiza (Atriplex canescens)^ and sand 
sagebrush {Artemisia jilifolia) were harvested and sampled (»very 90 
days. These forages were collected from the experimental ranch. 

Range forages were also collected from plots near Estancia in 
central New Mexico, where the altitude is approximately 6,140 feet 
above sea level. Average annual precipitation is about 13 inches. 
Maximum temperatures in this vicinity seldom exceed 98° or 99°, 
but minimum temperatures of 10° to 20° below zero are not uncommon. 
The forages were collected four times a year from this area and in- 
cluded blue grama {Boutelouu gracilis), slender wheatgrass {Agropyron 
paucijlorum) , crested wheatgrass {A, cristatum), smooth bromegi*ass 
{Bromus inermis), saltgi’ass, alkali sacaton, and chamiza. 

EXPERIMENTAL RESULTS 

Two range passes which were studied rather intensively were mesa 
dropseed and black grama. In addition to the monthly harvest, other 
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samples were secured at various times during the growing season. 
The data for these two grasses, which include average results for 
crude protein, nonprotein, and carotene ov(*r a period of 5 % years, 
are presented in table 1. 


Table 1. — Average monthly crude protein, nonprotein, and carotene values for 
mesa dropseed and black grama over a period of 65 months 



Mesa drop.see<i 

Black gi ama 

Time rollectod 

Number 

of 

analyses 

Crude 

protein 

Non 

protein 

Carotene 

Numl»er 

of 

analyses 

Crude* 

protein 

Non 

protein 

Carotene 





MiltU 




Milli- 



Percent 

Percent 

granvt « 
1.3 


Percent 

Pertenf 

grame > 

January 

ft 

4.4H 

0 ,ft9 

5 

5.01 

1.01 

23.6 

February 

ft 

4 40 

.53 

1 2 

ft 

4.85 

1. 10 

13 3 

March 

ft 

3. 86 

.63 

1 3 

ft 

4. 74 

.93 

13.3 

April 

ft 

3 82 

.4ft 

11.1 

5 

5. 10 

1.00 

22.7 

May --- . - 

ft 

ft.ftO 

1 10 

23.0 

5 

ft. 16 

1.02 

26.6 

June 

ft 

ft. 40 

1 02 

39 3 

5 

4.73 

.9ft 

40.1 

July 

ft 

6.03 

1 06 

61 2 

ft 

7. 0.'* 

1. 17 

44.7 

August 

0 

K 34 

1 66 

70 6 

6 

6.8ft I 

l.ftl 

61.3 

Septenib(*r 

0 

10. 07 

2 23 

60.1 

6 

8.73 1 

1.78 

85.6 

October 

6 

7 74 

1.35 

30 9 

6 

7 13 

1.43 

60 7 

November 

6 

ft 94 

.84 

3 7 

6 

ft. 51 

1.21 

41.9 

December . .. 

0 

4.89 

64 

1 1 

6 

ft 3ft 

1.10 

23 1 

30-day growth 

11 

12 48 

2 61 



11 

10 10 

2.24 

.. . 

J.l-day growth — 
Beginning of growth. 
End of growth .. 

13 j 

13 04 j 

2.ft:i 


11 

11.20 

2 44 


ft 

ll.ft7 

2 aft I 


4 

10 64 

1 aft 


3 ! 

8.36 

1 77 


4 

6. 73 

1 53 






* Milligrams of carotom* ih’f kilogram of ftn'd, dry basis. 


The samplos designated by “30-day growth” were from the series 
whieh wei’e eolleeted every 30 days during the growing period; those 
designated “15-dav growth” were eolleeted every 15 days during the 
growing period. These two series represented material from immature 
but actively growing grass. The “Beginning of growth” samples 
were taken once a year at the begiiming of the gi-owuig season when 
the grass had attained a height of 5 or 6 ixudies. The samples col- 
lected at the end of growth were a separate series and were taken as 
soon as frost occurred. 

A (comparison of tlie noiiprotein, crude protein, and carotene con- 
tent of mesa (Iropseed will indicate at least the general pattern of 
growth habit of this plant. Crude protein values were highest during 
Septemb(‘r, whieh shows this to be the period of most vigorous growth. 
If the carotene values are considered as an uidex of plant activity, 
the mesa dropseed was active from April to November. Usually the 
mesa dropse(*.d grass dies virtually to the giound with the advent of 
freezing weather the last of October or the first of November. Merc 
traces of carotene were found in dormant mesa dropseed plants during 
December, January, February, and March. If the nonprotein values 
are studied during these months when the grass is dormant, it will be 
seen that they were rather low, averaging approximately 0.61 percent. 
Values of over 1.00 percent were obtained from May to October 
inclusive. Plants harvested diu ing the period of most active growth 
had nonprotein values of from 2.05 to 2.61 percent; thus, high non- 
protein values were directly related to vigorous growth. The non- 
protein percentages of the grasses collected every 15 or 30 days during 
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growth are among the highest values obtained with plants other than 
browse and apparently represent active gi’owth rather than mere 
activity. 

Black grama gi*ows on the mesas, hills, and dry open CTOund of 
large areas of range land in Texas, New Mexico, Arizona, and southern 
Utah. The upright stems of this grass remain gi'oen for a distance of 
4 to 6 inches from their bases throughout the winter. A comparison 
of th(‘ crude protein of black grama with that of mesa dropsced in 
table I rc'veals higher values for the mesa dropseed during the mowing 
season, but higher values for black gi ama during the so-called dormant 
season. Carotene is present in black grama throughout the year. 
During the usual months of dormancy there are significant amounts 
of carotene that may in many cases provide for the requirements of 
beef cattle during the gestation and lactation periods {6 and 7). 
These winter carotene values are accompanieti by winter plant 
activity. All the average monthly nonprotein values of black grama 
W('re above or only slightly below 1.00 percent. The analyses of this 
grass revealed 1 1 instances of low nonprotein values. The average of 
these 11 values was 0.6() percent and may represent the nonprotein 
content of black grama in nearly (‘omplete dormancy. This ouantity 
is very similar to that obtained for mesa dropseed (luring its clormant 
period. If this figure of 0.66 percent is subtracted from the average 
nonprotcin of black grama for ea(.’h month, the rtunaining nonprotein 
value seems to accompany certain plant activity. In black grama 
this plant a(‘tivity continues throughout the year, although at a mucdi 
reduced rate. 

The carotene and nonproteui values for the mesa dropseed and 
black grama grasses presented in table 1 agree in showing plant 
a(*.tivity. When the simple correlation was calculated between caro- 
tene and nonprotcun, a coe^fficient of 0.625 percent was obtamed for 
black grama and 0.48 percent for mesa drops(ied (table 2). These 
correlations are higlily significant and seem to establish the fact that 
nonprot(im values as well as carotene may be used in (estimating plant 
activity. Although there is a ndation between these numerical 
values and plant activity, the proportion does not appear to be direct. 
The nonprotcin and carotene data for ea(di of the two grasses have 
been averaged by months and are presented in figure 1 for comparison. 


Tablis 2 . — Correlation of nonprotein (x) and carotene {y) in black grama and mesa 

dropseed 


Bla(‘k Rrama 
Mesa dropseed 


Grass 



Number of 

Sum of squares and products 

(Correlation 

coefficient 




comparisons 

Sx * 

Sry 

Syi 




59 

8. .34 

411.06 

52,064 4 
76, 769. 8 

0.625* 

.48* 

• 



59 

22.44 

634.30 


*Highly significant. 


A number of other grasses and forage plants were studied during 
regular but less frequent intervals. It is obvious that with 60- or 90- 
day sampling, the data are necessarily incomiilete. However, there 
are observations which are worthy of attention. In studying the 
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FifurKE 1.— - Average car()i<‘n{‘ and nonprotein content of ine.sa dropseed and black 
giaina covering 59 months. 


nonprotein values for various grasses and browse plants, which are 
presented in table 3, it will be assumed, as stati'd earlier in this paper, 
that a nonprotein value of over 0.60 percent represepts an increment 
of plant activity. The value of 0.66 percent seems satisfactory for 
black grama, but may be slightly high for the dormant period of some 
of the other grasses as is indicated by their February and March 
values. Since this seems to bo true with this limited amount of data, 
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the nonprotein percentages of 0.66 or above readily become significant 
in determini n g plant activity. Most of the passes are above 0.66 
percent in nonprotein from May to October with the period of most 
active growth occurring within this time. Bush miihly grass is an 
exception and has moderately high nonprotein values which remain 
constant for each sampling time. This grass is similar to black gi'ama 
in that it remains partly green throughout the year. 

Table 3 . — Percentage of nonprotein in various grasses and browse collected at 60- or 

90-day intervals 


Grasses 

Num- 
ber of 
anal- 
yses 

Feb- 

riiary 

March 

April 

May 

June 

Au- 

gust 

Sep- 

tem- 

ber 

Oct- 

tober 

No- 

vem- 

l)er 

De- 

cem- 

ber 

From the collef^e 


P«r- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

ranch plots in 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

southern New 












Mexico: 












Vi n e*mesqii 1 te 

32 

0. 20 


0. 55 


1.02 

1 49 


1 02 


0. 31 

Alkali sac^ton .... 

32 

48 


68 


.97 

1 81 


1 45 


.67 

Side-oats grama .. 

32 

.27 


31 


.53 

1 35 



.97 


23 

Saltgrass- 

22 

.50 



% 10 


1 03 



1 li 


Rush miihly 

21 

1 34 



1.40 


1.34 



1.34 


Chamixa 

22 

2. 71 



3. 62 


4 93 



3 m 


Sand sagebrush 

22 

1 02 



1. 14 


2 42 



1.61 


From the Estancia 












plots in central 












New Mexico. 












Blue grama 

10 



0.30 

- . 

. . 

1 10 


1 44 

. 



.41 

Slender wheatgrass 

10 

... 

49 



2 38 


2 08 




03 

Crested wheatrgass 

10 



1 52 



2.02 



2 01 

_ 

- - -- 

73 

Smooth bromegrass 

10 


3.13 



2 20 

.. 

2 20 



80 

Saltgrass 

10 


.49 



2 58 


1 71 



65 

Alkali sacaton.. 

10 


.50 



3 02 


2 29 



.78 

Chamiza 

15 


3 05 



4 51 


3 33 


- - -- 

1 33 


Chamiso, an evergreen browse plant, has a high percentage of non- 
protein. Results from Estancia in central New Mcxi<;o showed that 
the percentages of nonprotein for chamiza were lowest in December. 
Since winter temperatures of 10° to 20° below zero are common in this 
area, it is possible that during the winter this plant has much less 
activity in central New Mexico than in the southern part of the State. 
Sand sagebrush is another evergreen browse plant with pronounced 
growth dining the growing season but with much less activity during 
the rest of the year. Crested wheatgrass and smooth bromegrass 
have significant high non protein values from March through Sep- 
tember. Field observations also confirm the fact that these two 
grasses are very early starting in the spring. This is one of the 
reasons why they are being used for pasture reseeding purposes at 
some of the higher altitudes. 

The botanist and plant breeder may make use of this nonprotein as 
an aid to field and other observations, if, when planning a project, the 
albuminoid nitrogen as well as the total nitrogen is to be determined 
upon the plant material. 

SUMMARY 

The percentages of nonprotein in various New Mexico range forages 
are presented. Some of the range grasses and browse plants have 
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continuous plant activity throughout the winter, though the rate of 
activity in certain species is much reduced. The percentages of 
nonprotein for black grama and mesa dropseed grasses are closely 
correlated with the carotene level. Analyses of the nonprotein, as 
well as of the crude protein and carotene values when these were avail- 
able, together with field observations, formed the basis for estimating 
the plant activity of these forages. 
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ALTERNARIA BLIGHT AND SEED INFECTION, A CAUSE 
OF LOW GERMINATION IN CERTAIN RADISH SEED 
CROPS* 

By D. M. McLean 

Research assistant^ Section of Botany and Plant Pathology ^ J^Iichigan Agricultural 

Experiment Station 

INTRODUCTION 

The production of radish seed is an important agricultural specialty 
in certain areas in Michigan. Seed crops usually are grown by 
farmers on a contract basis for various seedsmen and harvested seed 
must meet a minimum gennination standard of about 85 percent. 
Seed crops which show substandard germination as specified by the 
seedman’s tests frequently are discarded with a loss to the growers. 

Seed crops of substandard germination generally occur in seasons 
of excessive rainfall subsequent to harvest, and it is during such 
seasons that radish plants usually arc seriously blighted by infections 
of the Altemaria fungus. The disiiase is present in a greater or lesser 
degree every year. 

In 1944 a project was initiated at the Michigan Agricultural Ex- 
periment Station to study the causes of low gennination of radish 
seed crops. In a series of experiments Barrens and McLean^ showed 
that the occurrence of low-germinating radish seeds may be influenced 
by high moisture in the storage bag after threshing. The growth of 
parasitic and saprophytic organisms was not coiTclatcd w'ith high 
moisture during storage. In another experiment with samples of 
seeds from low-germinating lots they found approximately 40 percent 
infection by species of Altemaria. Four species of Altemaria were 
isolated from infected seeds harv'csted from a single planting. 

Further studios were made in the field and in the laboratory during 
the season of 1945 to correlate pod infections by Altemaria with seed 
infections as a cause of low germination. This article records the 
results. 

SYMPTOMS OF THE DISEASE 

Since several species of Altemaria have been isolated from radish 
seeds {Raphanus mtiims L.) taken directly from diseased pods, it is 
assumed that each organism must have invaded the scexl through 

• Received for publication May 22, 1946. Journal article No. 820 (n..^.) from 
the Michigan Agricultural Experiment Station. 

’ Barrons, K. C., and McLean, D. M. a stcdt of the cacses of low 
OERMiNATiON OF RADISH SEED CROPS. Mich. Agr. Expt. Sta. Quart. Bui 27: 
398-408. 1945. 
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Figure 1. — Lesions on radisli seed pods caused by Alternaria raphani. 


the pods. No attempt has yet been made to determine the symptoms 
of the infections caused by each species. From a great number of 
isolations made from leaf, stem, pod, and seed infections AUemaria 
raphani Groves and Skolko has been observed. The symptoms, 
as they are described here, are those caused by infections of this 
fimgus in inoculation experiments. 



Fioi'HE 2. A, Seedbed showing effect of AUernaria infection on germination of 
radish seeds; a, seeds taken from apparently healthy pods; 6, seeds taken from 
diseased pods. /:?, Radish seedlings: a, Infected by A, rapham; 6, healthy. 


Infections first become evident on the leaves of the fruiting stalk 
and may be found from the basal leaves to the tip leaves. The 
lesions first appear as very small yellowish-colored, slightly raised 
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spots one-half millimeter or less in diameter. With age, the lesions 
enlarge to approximatcdy a centimeter and become roughly spherical 
to broaden elliptical. The centers of the older spots are of a thin, 
translucent, papery consistency usually accompanied by an olivaceous 
to grayish or blackish growth of the fruiting fimgus. On older leaves 
the centers of the lesions may drop out leaving a ^‘shot-holed*’ ap- 
pearance. Individual lesions usually are bordered by a slightly raised 
margin or ridge. The fungus generally sporulates abundantly on the 
foliar lesions. 

Before the seeds are mature, early" pod and stem infections are 
visible as purplish to brownish irregular lesions (fig. 1). During 
periods of abundant rainfall, infections are so severe that entire pods 
may be included in the lesion. Usually, th(‘ stylar end of the infected 
pods is blackish and shriveled. When mature, the infected pods 
are often c.overed with blackish lesions from pin-point size to a 
centimeter or more (figs. 1 and 4, B, a). Only rarely are spores found 
on the pod lesions; however, some pods may bo covered with a mass 
of divaceOus to blackish-colored spores. The fungus may be readily 
isolated from pod infections. Stem infections are common and the 
lesions resemble those on the pods (fig. 1). Infections may occur on 
exposed parts of the root crown, causing dark circular lesions. 

The fungus penetrates deep into the pod tissues and may infect 
the immature seeds in tht^ pods. Where young pods are severely 
infected the seeds may not dev(4op. In older pods, the seeds may be 
shriveded and show darkened areas on tlu^. seed coats (fig. 4, By a). 
Infected se(Mls may not germinate or pre-emergence or postemergence 
damping-off of seedlings may occur (fig. 2, A, /?). Any portion of 
tlie seedling may be attacked. The fungus may readily be isolated 
from diseased seedlings. 

SPECIES OF ALTERNARIA ISOLATED FROM RADISH SEEDS 

IN MICHIGAN 

Four species of Alternana have been isolated from radish seeds 
taken from crops grown in Michigan (fig. 3, A~D), Groves and Skolko ^ 
det(»rmined s<»ven species of Alternariay of which six are definitidy 
pathogenic, from a great number of agricultural seeds collected from 
nearly world-wide sources. These writers have very adequately 
described the species found in the present investigation Of the 
four sp(>!cies found infecting radish seeds A. raphani is the most com- 
mon and is extremely pathogenic. A. hrassicae and A. oleraceUy 
which are pathogenic to seedlings of various cruciferous hosts,^ have 
been observ(‘d in only a few instances. A. tenuis includes the generally 
considered saprophytic forms and is common in plate cultures from 
radish seeds. 

It is not the purpose of this paper to go into a detailed discussion 
of nomenclature. Elliott,'* Wiltshire,® and Groves and Skolko * have 

Groves, J, W., and Hkolko, A. J. notes on seed-borne fungi, ii. alter- 
NARiA. Canad. .Jour. Res. Sect. C 22: 217-234, illus. 1944. 

* Elliott, J. A. taxonomic characters of the genera alternaria and 
MACRO spORiUM. Attier. Jour. Bot. 4: 439-476, illus. 1917. 

® Wiltshire, S. P. the foundation species of alternaria and macros- 
PORIUM. Brit. Mycol. Soc. Trans. 18: 135-160. 1933. 
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Vkjurio 3 . — Photomicrographs of spores of four species of AUerfiaria from radish 
seeds: A, A. raphani; H, A. olcracea; C, A. hrasaicac; />, A, tenvis. 


thoroughly discussed the genus Alternaria. The identification of 
the species found in this investigation has been verified by Dr. «T. W. 
Groves.® 

® The writer acknowledges his indebtedness to Dr. Groves, of the Central 
Experimental Farm, Department of Agriculture Ottawa, ("anada, for the veri- 
fication of the species here discussed. 
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EXPERIMENTAL METHODS AND RESULTS OBTAINED ' 

In a preliminary series of experiments conducted in 1944, it was 
found that a relatively high percentage of seeds of low-germinating 
seed lots were infected by parasitic and saprophytic organisms. Seed 
samples from a number of radish crops showing germination of 40 to 
80 percent were obtained from seedsmen and growers in the State. 
Seeds from each sample were surface-sterilized by dipping them in 
1 : 1,000 corrosive sublimate for 10 minutes after which they were 
rinsed in sterile water and placed on a potato-dextrose-agar medium 
in Petri plates. After several days, the Altemaria fungus was grow- 
ing from as many as 40 percent of the seeds in certain samples. The 
counts of infected seeds were made without attempting to determine 
the relative number of species. Fusarium, PeniciUium, Rhizopus, 
and certain bacteria were present in occasional instances, but these 
were not considered a principal cause of low germination. A. raphani 
was the organism most commonly found on seed samples of low 
vitality. Groves and Skolko also found species of Altemaria to be 
the most common organisms on low-germinating radish seeds in 
Ontario, Canada. 

Seed treatment with the common dust materials did not signifi- 
cantly increase germination in the low-germinating samples. The 
same result was obtained by Groves and Skolko.^ Infected seeds 
treated in a water bath at 50° C. (122° F.) for 25 minutes germinated 
free of Altemaria on agar media. Hot water treatment, however, did 
not increase germination percentages in low-germinating diseased 
seeds. It seemed evident that whatever the cause of low germination 
it was operative before the seeds were marketed or even before they 
were harvested. With this point in mind, further experimentation 
was conducted in 1945. 

Diseased plants with mature pods were collected in the field and 
brought to the laboratory, where they were thoroughly dried. Seeds 
from individual diseased pods showing numerous lesions and seeds 
from individual pods apparently free from infection were placed on 
potato-dextrose agar in Petri plates in the same position that they 
occupied in the pods. These seeds were not surface-sterilized, but 
were transferred directly from the pods to the Petri pistes. After 
several days, seeds from pods with nximerous lesions showed 75 to 80 
percent infection with AUemaria. Often all the seeds in the diseased 
pods were infected (fig. 4, B, b). Usually, the seeds directly beneath 
the pod lesions were infected and frequently the seed coat showed 
dark markings. Seeds from pods which had only an occasional lesion, 
the majority of which appeared healthy, likewise frequently showed 
10 to 15 percent infection. A. raphani was the only fungus observed 
in this experiment. 

In another experiment, seeds were taken from diseased pods and 
from apparently healthy pods for testing germination (fig. 4, A, a 
and b). Seeds taken from diseased pods were slightly smaller than 
those from apparently healthy pods and many showed dark markings 
on the seed coat. Seeds which were shriveled and those which proba- 


* See footnote 3, p. 74. 
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FifiuRK A.—A, a, Radish seeds takeii from pods infected with Altermria, showing 
dark areaK on seed coats; 6, seeds taken from apparently healthy pods. By a, 
Diseased radish pods; 6, raphani growing on seeds taken from diseased pods 
and placed on potato-dextrose agar. 


bly would be eliminated in the cleaning process after threshing were 
removed from the lot. Samples of 500 seeds taken from diseased 
pods and from apparently healthy pods were planted in sterilized 
sand. After 9 days the number of seedlings were counted in each 
case. The results are presented in table 1 , 
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Table 1. — Germination percentages of radish seeds taken from diseased pods and 
from appg^rently healthy pods 


Block No. 

Seeds from diseased pods 


Seeds from apparently healthy pods 

'Liaj 

Planted 

Gerinin^ittid 

Planted 

Germinated 

Seedlings 

infected 


Number 

10() 

2U0 

1 2(K) 

flOO 

m 


< 

Percent' > 

lO 

11.5 

Number 

1(K) 

2m 

200 

.■HH) 

500 

Percent 

90 

87 

81 

86 

85 

Percent 

13 

14 

14..'i 

4 

6- 






The data in tabic 1 (1) that Alternana infection causes a 

marked reduction in gemination of seeds harvested from diseased 
pods, and (2) that seed taken from apparently liealthy pods in a 
diseased planting may be infected even though there is little evidences 
of pod- infection. The experiment was repeat(»d several times with 
similar results. A. raphani was the only fungus isolated from the 
diseased seedlings. 

Lesions were observed on the cotyledons, hypocotyl, and roots of 
diseased seedlings, and infected sewllings frequently damped off 
(fig. 2 7?, a). 

It was during the cours(^ of this experiment that cultural variations 
were noticed in the different AUemaria isolates from infected secnls. 
A detailed study of the different isolates led to the identification of 
the species previously mentioned. A raphani was the species most 
commonly observed. 

DISCUSSION 

The results of the foregoing experiments have shown that infection 
by Alternaria is a pritiifeipal cause of low germination in radish seed of 
certain crops. Groves and Skolko ® found a direct correlation be- 
tween germination and the presence of A, rai)hani in seed samples 
in which germination ranged frpm 14 to 65 percent. This species 
was the only pathogenic fungus that ^pcared consistently in all 
their samples in a high percentage. The organisms other than 
AUemaria which are frequently isolated from radish seeds are probably 
unimportant as a cause of low germination. For the most part they 
appear to be saprophytic and ocriir during the curing process bcifore 
the seeds are dry. High moisture during storage may cause increased 
infections by the Alternaria fungus. When pod infections occur, 
the spores are mixed with tlie seed during threshing, and the mycelium 
may continue to infect the seeds and give a moldy appearance to the 
crop. 

Since it has been shown that percentage germination of seeds from 
diseased pods is lower than that of seeds from apparently healthy 
pods, it appears that low germination may be correlated directly 
with pod infections in the field. This seems to be indicated also by 
the periodicity of good and bad seed crops in Michigan. Radish 
plantings for seed crops are blighted with Alternaria infections nearly 


® See footnote 3, p. 74. 
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every year in Michigan. In certain seasons crops are harvested 
which give high gennination percentages, while in others germination 
is low. Low germination percentages are usually found in seasons of 
excessive rainfall when Alternaria infection is serious. Various reasons 
have been given to account for low germination during these years, 
including (1) poor pollination, (2) wet weather during the curing 
period, (3) excessive moisture after sacking from the threshing 
machine, and (4) the prevalence of seed-borne pathogens. Some of 
these reasons are correlated with conditions which favor infection by 
Alternaria, 

Since neither fungicidal seed treatments nor hot water disinfection 
of diseased seeds necessarily induces a higher germination of infected 
seed, control measures must be applied in the field. Inasmuch as 
Alternaria raphani seems to be the principal ('ause of the disease and 
apparently has been isolated only from radish, it follows that if disease- 
free seed were planted the severity of seed infection might be controlled 
by destruction of the source of primary inoculum. 

SUMMARY 

Four species of Alternaria have been isolated from low-germinating 
radish seeds in Michigan. ^4. raphani causes infections of the leaves, 
stems, pods, and roots of radish plants and is the most common para- 
sitic species that has be(m isolated. Seeds taken from infected pods 
frequently show’ 70 to 80 percent infection. This si)ecies is also 
pathogenic to seedlings. A. raphani is considered to be the cause of 
infection in the field w’hich results in low germination in infected 
seed crops. A. hrasmeae and A. oleracea are found only rarely and 
probably are not of primary importance as a cause of low germination 
in seed crops. A. fe7ivis is a ty^pe commonly found on radish seeds, 
hut it is considered to be mostly saprophytic. PeniclUium, RhizopnSy 
Fasariunif and certain bacteria frequently are found in seeds after the 
curing process. 

Fungicidal dust treatments of low-germinating seeds have failed 
to give significant increases in percentage of seedling counts. Hot 
water treatment for 25 minutes at 50® C. (122® F.) killed the Alternaria 
pathogen in infected seeds. Such trealinent, however, did not 
increase germination precentages in low-germinating seed lots. 
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GROWTH RESPONSES TO ORGANIC COMPOUNDS BY 
TOBACCO SEEDLINGS IN ASEPTIC CULTURE* 

By Robert A. Steinberg 

Physiologist, Division of Tohacco, Medicinal, and Special Crops, Bureau of Plant 

Industry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, United States Department of Agriculture 

INTRODUCTION 

luvrstigations on tlie responses of plants to organic compounds of 
natural and synthetic origin have recently tendt‘d to assume consid- 
(*rable importance. The increased knowledge of the biochemistry 
of plants thus obtained has becui utilized for making more practical 
the m(»tho(ls of producing mutants, rooting cuttings, and preventing 
fruit drop and lor improvirig materials for the protection of plants 
against micro-organisms and inserts. Oii the other hand, soil toxicity 
du(i to organic substances has been shown to exist (7).* The action 
of crop r(‘sidues on th(‘. growth of subsecpient crops (3) also may be 
partially of similar origin. Knudson (4) and others demonstrated 
tliat sugars and other compounds may be absorbed by the plant 
through its roots and lead to increased growth. No necessity exists, 
tlKTciore, to justify the further use of this experimental procedure. 

The studies ch'alt with in this paper originated when the observation 
was made that seedlings of the Robinson strain of Maryland Medium 
Broadleaf tobacco grown in aseptic culture under low-intensity arti- 
ficial light at constant temperature did not pass through the ros<*tte 
stage* on an 8-hour day. The attempt to eliminate*, this formative* 
e*ffect of light led to a study e)f the influe*nce of organic compounds of 
natural origin on growth. Though most of these data are for tobacco 
seedlings gre)wn with a short elay, it is belien^ed that they do not differ 
in any important elegree from those* obtainable for plants grown wdth 
a long day. 

MATERIALS AND METHODS 

Seeelliugs of Maryland Meelium Broadleaf tobacco were* gi’own 
ase*ptie*ally in 200-cc. Tyrex Krlenmeyer flasks (*ontainiug 50 cc. of 
nutrieuit solution solidifie*d with agar. The solution useel was that 
(leveloped bv McMurtre*y (6), and the 20 X solution contained water, 
1,000 cc.; ('?a(N03)2.4H20, 29.16 gm.; KNO3, 2.19 gm.; MglNOa). 
OHaO, ;L19 gm.; KH2PO4, 5.75 gm.; MgS()4.7H20, 3.08 gm.; and 
NH4CI, 1.50 gm. The' miemnutrients in this concentrated solution 

‘ Receivod for publication Au> 2 :\isl 23, I94d. 

Italic numbers in parentheses refe^r to Literature Cited, p. 91. 
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comprised zinc, 10.0 mg.; copper, 2.5 mg.; manganese, 20.0 mg.; and 
boron, 10.0 mg. Iron was added separately to the diluted solution 
as ferric chloride at a concentration of 3 p. p. m. After dilution of 
this solution and addition of iron, 2 percent of sucrose, and 1.15 
percent of agar, tlie medium was heated and put in flasks, which were 
then plumed with absorbent cotton and sterilized at 15 pounds’ 
pressure for 30 minutes. The organic compounds under test were 
added to the flasks before they were filled with the medium. 

Seed was sterilized with 1:1,000 silver nitrate for 15 minutes, 
washed with ttmee changes of distilled water, and poured into pre- 
viously sterilized petri dishes containing several layers of filter paper. 
The seedlings were transferred to the flasks after a germination period 
of 6 to 7 days at 25® C. The use of a pair of magnifying spectacles 
(2.5 X) was helpful. A flamed platinum hook with a sharpened 2-mm. 
prong was moistened with sterile distilled water and brought in con- 
tact with the seedling, and the latter was transferred to the agar. 
The seedling adhered first to the platinum ne(*dl(! and then to the 
agar. Seedlings with a total length of 5 mm. W(>re readily handled, 
as the radicles couhl be puslu'd into the agar with the l)ack of the 
prong. 

The seedlings were grown at 25® (’. in lighted incubators utub'i- 
3,500® white fluorescent lamps furnishing 500 foot-candles of illumi- 
nation for 28 days. On harvesting, the s(‘edlin^ were freed from the 
agar, I’insed with water, prj'ssed betwi'en absorhent paper, and dried 
at 103® to 105® for 4 horn's. Usually the values shown are the 
average' of four duplicate cultures. The' cultures were- weighed in 
pail's. Contaminated cultures and abnormal jilants were discarded. 
Injury to seedlings during transfer, immei'sion of cotyledons, and 
exposure! of the* radicles cause'd marked reductions in gi-owth. Ke*- 
jfictions due to these causes were about- 10 ])ere:e*nt. 

EFFECTS OF SUGARS ON GROWTH 

Growth in a medium containing sumrs under the* expe*riraeiital con- 
ditions used is shown in table 1 . The average elry weight obtaine'd 
after 28 days of growth with 8 hours of light daily was 4 mg. The 
seedlings formed stems immediately and mur to six leaves of good 
color. With continuous illumination the total yield per plant aver- 
aged 68.9 mg., the leav(!S were normal in shape and color, and the 
rosette stage was just on the point of termination. The main effect 
of sucrose (2 percent) was on the vigor and rate of growth of the seed- 
ling; the yields became 19.7 mg. with 8 hours of daily illumination 
and 150.5 mg. with continuous illumination. 

The effects of other sugars and compounds listed in the table wei'(! 
studied on seedling grown under 8 hours of daily illumination. Only 
with D-glucose and D-fractose did growth increase approach that with 
sucrose. D-fructose, however, caused root injury. None of the other 
compounds tested, with the possible exception of D-xylose, caused an 
increase in growth. 
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Table 1. — Growth of tobacco seedlings ^ Maryland Medium Broadleaf^ with various 
sugars in aseptic culture for 28 days at 25° C. and 500 foot-candles of fluorescent 
white light for 8 hours daily 


1*n‘atinf‘!it or fomiHUind 

Aver- 

BKC 

A|). 

Treat nu'iil or (*rmi pound 

A ver- 
agt* 

A|)- 

(20 khi imt IIUt) 

total 

yield 

aiui' • 

(20 Kin. fier litei ) 

total 

yield 

jK'ar- 
anci* I 


AfillU 



mm- 


Control: 

gramn 



grama 


»-hoiir day . . - . 

4.0 


L-Arabiiios<‘ 

1 4 

8,9 

8-hour day with sucroso . .. 

19.7 

S,8 

TVMannitol 

2.3 

8, 8 

Continuous day 

f>8 9 

K, 10 

Calcium citrate 

3 6 

8,8 

Continuous tlay with sucrose 

l/M) 5 

K, 10 

(^alcium l)-Kiuconale 

3.9 

8, 6 

I)-aiucose - 

1.5 (» 

8,8 

Calcium 2-kcto-J)-glueonatc 

.9 

8,4 

D-Fructosc 

14 (> 

2 8,8 

Calcium 5-keto-D-gluconate 

.5 

8, 4 

l)-Mannostj 

1 6 

K,8 

-.0 

Calcium l>-lactate 

.7 

S, 4 
8, 6 

U-Oalactose 

0 

Potato starch 

l.l 

L-Sorboso . 

.8 

8,8 

8ucrose+D-nianiiose * 

18.9 

2 R/2, 8 

D'Xylose 

7. .5 

8,8 

I)o.« _ 

11.9 

2 R, 10 

D'Arabinose 

0 

-»4 

Do* 

6.3 

2R, 10 






< Hj Slioot or stoiii; K, roscKe, K,'2, jmrlial rosettr. Hatod fiom 0 fwhitc) fo 10 (dark Rrccn). 
Stiort roolA. injury 

^ Mannose at 10 Kin jmt liter. 

< Mannose at 20 Kin iM*r litri . 

» Mannose at .'W k«i Iht liter. 


D-iuatiiios(' appeared to be the only eornpound that inhibited st(>m 
formation, that is, aided passafie tiu’ongh the rosette stage. It was 
not possible to eliminate premature stem formation with D-mannose, 
however, without decreasing yield. A mixture of 10 gm. of D-man- 
nose and 20 gm. of sucrose was partially effectiv(' in promoting rosette 
formation without seriously diminishing yield. 

Figure 1 illust rates the types of growth obtained on an 8-houi' and a 
24-hour day with and witliout sucrose. Growth with various sugars 
is shown in figure 2. 



I'lGURK 1. — Maryland Medinm Broadleaf tobacco seedlings, 3 weeks old, grown 
ascptically on mineral agar at 25° C. with 500 foot-candles of fluorescent 
white light: A, With 8 hours of daily illumination but without sugar in medium; 
B, with 8 hours of daily illumination and 2 percent of sucrose in medium; C, 
with continuous illumination but without sucrose in medium; D, with contin- 
uous illumination and sucrose in medium. 
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Fiouue 2. — Maryland Meaiuiu Broadieaf tobacco t>eodlingh, 3 weeks old, growji 
aseptically on mineral agar at 25® C. with 500 foot-candles of fluorescent white 
light: A to i/, With 8 hours of daily illumination — without sugar (A) and with 
2 percent each of sucrose (B), D-glucose (O, D-fructos(* (/>), D-mannose (/?), 
J3-galactose (F), B-sorbose ((7), and I)-Aylo.se (//); I and J, with continuous 
illumination — without sucrose (7) and with 2 percent of sucrose (J). 

EFFECTS OF AMINO ACIDS ON GROWTH 

The results of tests with airiino acids on j^rowth of tobac(‘o setnllinos 
arc shown in table 2. All media contained 2 percent of sucrose, and 
the cultures were grown on an S-hour day. Growth was diniinislHuI 
almost without exception at a concentration of 200 p. p. m. of amino 
acid. d-Arginine hydrochloridt', /-cystin<‘, and (//-ornithine hydro- 
chloride proved least toxic in the order given. 

Toxicity at a level of 200 p. p. m. was associated with excessive 
acidity in the case of /-aspartic acid (pH ==3.98), d-glutamic acid 
(pH=4.08), /-histidine dihydrochloride (pH=4.07), and (/-lysine 
(lihydrochloridc (pH = 3.99). Cultures of excessive acidity were 
easily recognized hy failure of the agar to gel. The acidity factor, 
however, was probably of minor importance in itself at the above.- 
mentioned acidities. Glycine (pH=4.96), /-hydroxyproline (pH= 
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Table 2. — Growth of tobacco seedlingSy Maryland Medinin Broadleaf, with 2 percent 
of sucrose pins various amino acids in aseptic cniinre for 28 days at 2ti^ C. 
and 600 foot-candles of fluorescent white light for 8 hours daily 


ronirol or romnound (200 mg. 
p«^r litter) 


Control... 

rf/-Alaiiint‘ 

dZ-tt-Amino-w-butyric add 
rf-Arginiiie hydrodilorjd<* . . 

CAsparag]iu‘ 

/-Aspartic add - . . 

/-Cystine.. . 

rf- Glutamic acid 

Glutathione 

Glycine - ... 

/-Histidine dihydrcx*hloridc 

/-Hydroxyproline 

/•Leucine . . ... 


Avmgi* 

total 

Afipear- 

(’’onirol or conipound (200 mg. 

Average 

Appear 

yirld 

arifo > 

per lit IT) 

yield 

aneo ' 

Milh- 



Milh’ 


grams 



grams 


20.1 

S,8 

d/-lsok‘ucine 2 

1.8 

R,4 

4 


d-Lvsme dihvdrochlorido 

2.0 

R, 4 

0 


dZ-Methioniru' 

4.8 

S,8 

18 

S,8 

d/-N orlcucina 

.5 

K, 2 

.h 

R,() 

d/-Ornithmt‘ hydrochloride 

13.9 

H, 8 

2 0 

Jl,fi 

d/-/J-F*heny lalanine 

10.1 

8, 8 

15.0 

8 

/-Proline 

.1 

R, 2 

.0 

U, 2 

d/-Serinc .. . 

0 


1 4 

K,2 

d/-Threonim‘ 

.2 

K, 2 


H, 1 

/-1'ryptophanc . 

.0 

K, 2 

4 8 

k,8 

/-Tyrosine 

10.4 

8.8 

0 

-.0 

d/-Valine 

.3 

R, 2 

9 2 

1 

S, 8 

1 i 





1 S, Shoot or stem; K. rosette Kated from 0 fwhite) to 1(1 (dark green). 

* Seedlings grown with f//-isoleuciiie sh<»wed inhibition in growth of apical bud, suckenng, and strap leaves; 
‘ill typical s^sniptoms of frencliing. 


4.92), ^//-isoleucinc (pn=^4.89), /-prolino (pH— 4.70), ^//-serine (pH— 
4.78), (//-threonine (pH=4.78), and /-tryptophane (pH=5.14) were 
very toxie though liaving aeiditi(»s comparable to that of the control 
(pH — 4.51 ). All these acidities w(‘re nu»asured at th(‘ time of harvest. 
Initial acidity of the control w^as equivalent to a pH of 5.11. 

In no instance was shoot (h».velopm<‘nt inhibited by an amino acid 
at a concentration of 200 p. p. m. (*xc(‘pt when it chc^eked all growth. 
Chlorosis when present was not distinctive as a rule but consisted in 
a uniform bleaching of all leav(‘S (‘xcept the cotyledons. 

Marked and charact'<'ristic abjionnaUtic's occurred only in the 
pr(‘sen<‘e of (//-isoleueine (.9). The rosetti' condition persisted with 
(//-isoleucin(» b(»cause of inhibition of stem and sucker growth and 
profuse devedopment of the axillary leaves. As compared with the 
controls, an exc(*ssive numbiu* of leaves wen' formed which exhibited 
a slight mottling and vari(‘d from narrow to strap leaf.'^ The 
gcuieral appearan(*<^ of thesf* leaves was very similar to that of leaves 
of tobacco plants affected with the disease known as frenching. 
I)ivergenci(‘s, of coui’se, existc'd. These differences consisted in the 
abs(*nce of a distinctive ndicidar chlorosis, the presence of curved 
leaf margins, the absence of pale bud and leaf margins, and the 
presence of the characteristic waving and ruffling of the strap-leaf 
margins. 

The appearance of s(»edlings grown in a medium containing (//-iso- 
leucine is shown in figures 3 and 4. Strap-leaf formation was noticeable 
in 14 days and occurn^d in the first pair of leaves formed. It is im- 
probable that thes(* responses were associated with an impurity, foi 
similar results were obtained with two different samples purchased 
several yeai*s apart from the same manufacturiT and with a third 
sample from a s<K‘ond manufacturer. 

Additional tests were made with the most toxic of the amino acids 
at a lower level of concentration (50 p. p. m.). The results are 
given in table 3. Most of these amino acids were rather toxic under 
the conditions of the tests even at th(*se high dilutions. 
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Table 3. — Growth of tobacco seedlings^ Maryland Medium Hroadleaf, with 2 per- 
cent of sucrose plus ammo acids of high toxicity in aseptic culture for 28 days at 
25^ C. and ^^00 foot-candles of fluorescent white light for 8 hours daily 


CorUrol or compound (50 mg. pt'r 
liter) 

Average 

total 

yield 

Appear- 
anw • 

Control or compound (50 mir i)ci 
liter) 

Average 
total 
yield | 

Appear- 
ance * 

(’ontrol 

Milli- 
(framH 
17 tt 

S, H 

d/-Isoleucinc 3 ... ... . 

MiUU 
grams 
:i 1 

< R, 4 

rf/- Alanine.- 

2 

R, 2 

Do.* . 

1.7 

» R, 2 

/•Aspartic acid - 

0 6 

S, « 

d-l^ysine dihydri chloride . , . 

11.0 

S, 0 

d*Glutamic acid 

.7 

K. 2 

/-Prohne .. . 

.4 

8, 2 

Glycine 

/•Histidine dihydrochloridc 

.4 

R, 2 

d/*Serine .... . . 

3 

8, 2 

11.2 


d/-Threonine . - 

1 0 

8, 1 

/•Hydroxyprolliic 

1 


/-Tryptophane 
dZ-Valine ... ... 

8.8 

R, 8 

d/-Isolcucinc 

4.2 

1 2 R. 6 

1 

.5 

R, 1 


> S, Shoot or stt'in; R, rosetU*. Rated from 0 (while) lo 10 (dark grei^n). 

* Narrow leav<»s. 

3 100 mg. i)er liter. 

< Narrow and strap leaves. 

» 200 mg. per liter. 

® Strap leaves. 

The frenching response with <i/-isoleuciiie persisted but witli dimin- 
ished severity. For example, strap leaves were not formed at the 
lowest concentration though the widths of the leaves w(U*e decreased 
by more than half. It is possible, howevtT, that a sean^h would 
reveal conditions under which the action of d/-isoIeu(‘in(‘ would be 
exhibited at even a lower concentration than 50 p. p. m. It was tlu» 



Figure 3. — Maryland Medium Broadleaf tobacco seedlings ^own aseptically at 
26® C. with 600 foot-candles of fluorescent white light oh mineral agar contain- 
ing 2 percent of sucrose and 200 p. p. m. of dWsoleucine: ^4, Seedlings 4 weeks 
old, grown with 8 hours daily illumination j B, same seedlings after being 
grown an additional month with continuous illumination. 
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Fkiurk 4. — Maryland Medium Broadleaf tobacco Keedlings grown from Septem- 
ber 5 to October 25, 1945, at 25® C. with 500 foot -candles of fluorescent white 
light and continuous illumination on mineral agar containing ( 44 ) 2 percent of 
sucrose and (B) 2 percent of sucrose plus 200 p. ]>. in. of c/Msoleucine. 

only one of the 2J3 amino ackls capable of causing a specific response 
of this nature at this concentration. 

Other amino acids can modify the action of d/-isoleucine on m'owth 
of tobacco seedlings (fig. 5). When 50 mg. per liter of r/Z-isoleuciiK' 
was used with 20 mg. of another amino acid, a wide ditference in 
response appeared. Increast‘S in growtii were effected hy /-aspartic 
a(ud, /-cystine, glycine, /-histidine diliydrochloride, /-leucine, 
d-ly sin e dihy d rochloride , (//-methionine , (//-norleucine , d/-^-pheny 1- 
alaninc, /-proline, and (//> threonine. The controls with (//-isoleucine 
had narrow leaves showing a diffuse chlorosis, whereas all admixtures 
(‘xcept those with (//-alanine, /-hydroxyproline, and /-tryptophane 
produced seedlings with leaves liaving the clearly defined reticular 
chlorosis so characteristic of frenching. (//-Alaninj, /-hydroxyproline, 
and /-tryptophane caused sharp decreases in yield. a/-Alauine and 
/-tyrosine, however, seemed to neutralize to some degi*ee the abnormal 
morphological effects of c//-isoleuciuc, while /-hydroxyproline and 
/-tryptophane seemed to accentuate these (strap-leaf formation). 

A summary of the characteristic symptoms of the various ainino 
acid toxicities appears in table 4. The divergencies and similarities 
in gross morphomgy resulting from excesses of individual natural 
amino acids are listed. The quantities involved ranged from 0.25 
to 2.5 mg. per seedling, if only those acids included in the table are 
considered. Symptoms of abnormality vary greatljr and include loss 
of dominance, or death of the apical bud (retention of the rosette 
condition and inhibition of stem growth and of suckering); various 
leaf mottlings, streaks, and blotches; and narrow, strap, ruffled, 
twinned, and rim-bound leaves. Therefore, abnormalities in protein 
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P^iGURE 5.™ Maryland Medium Broadleaf tobacco seedlings grown at 25® ('. 
with 500 foot -candles of fluorescent white light and continuous illumination 
on mineral agar containing 2 perctuit of sucrose and 50 p. p. m. of r//-isoleucin<* 
plus additional amino acid at 20 p. p. m.: -4, None (control); li, d/-alanine. 
r, glycine; D, /-hydroxyproline; E, dMsoleueine. 


metabolism consequent to disturbances of mineral nutrition or 
physical-environmental factors may comprise in part th(‘ mt'chanism 
through which such aberrations are made (*vid(‘nt as al)uormaliti('s 
in gross morphology. 


Table 4. — SymptoniK in tobacco seedlingfiy Maryland Medium liroadleaf, due to 
excessive concentrations of the more toxic natural amino acids 


(''ompound 


i ('‘onoontra - 1 
I tion ’ 


Symploins (»f toxicity other than retarded prowlli 


Alanine . 

/-Aspartic acid 

d-Qlutaiuic acid 

Olycine- . 

/ - U ist id j ne d i h y d roch lor ide 
/-Hydroxy proline - 

<//-lsoleucine . . - 

d-Lysine dihydrochloride 

d/'Norleucine . . 

/-Proline 

d/-Serine--- 

(//-Threonine... 
/-Tryptophane 


(//-Valine 


P. p. m i 

5 

/)() 

20 

40 

.•iO 

h 

m 

m 

20 

40 

40 

m 

20 


20 


(’hiorotic spots at apex and margins. 

Large. faintl> chlorotic spots. 

Large white blotches. 

Faint in ter venial chlorosis 
Small, faintly chloiotic spots. 

Inhibition of buds, streak chlorosis, thick, <lown-cnrled 
leaves, brown, dead lea\(‘s, riin-bound leaxe^ 

Loss of apical dominance, narrow leaves, moMling. 

Reticular chlorosis 

Inhibition of secondary nuit growth. 

Faint interveinal chloiosis. 

(ieneral mottling. 

White leaves > 

Loss of apu'al dominance, isolated ruffle<l strap leaves, nni- 
bound, twiniKKi, pointe<l, and witheied-zone leaves, 
suckering. 

Large white blotches 


1 White leaves are bedieved to be a general symptom due to exce.ss (luantities of amino aedds; 20 p. p. rii, 
of the amino acids listed as causing this condition did not prevent normal morphological growth. Specific 
abnormalities in gross morphology will probably be found to (Kicurat Intermediate eouoentrat ions. An 
intenjsting symptom, loot blackening, w’as also caused by high concentrations of tyrosiiu' 


These growth effects of the free, natural amino acids, like those of 
D-mannose and commercial peptones (p. 89), would seem to minimize 
the need for assuming the (‘xistence of hormones regulating all the 
activities of plants, becaus<^ it is evident that the ordinary metabolic 
products of the cell in themselves can exert a hormone action on the 
growth processes of plant tissues. The hormone action of other 
natural metabolites also may be the explanation for the similarities 
in response to dissimilar synthetic growth substances causing root 
initiation, epinasty, callus formation, and other growth correlations. 
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EFFECTS OF VITAMINS AND PEPTONES ON GROWTH 

None of the vitamins used (table 5) appeared more than very 
slightly beneficial to the growth of Maryland Medium Broadleaf 
tobacco. Pyridoxinc and ascorbic acid gave slight increases in yield 
which, however, did not exceed the limits of experimental precision. 

It is interesting to note that certain peptones also brought about 
slight increases in yield. The important feature about these responses, 
however, was not the slight increases in yield that were obtained, but 
the evidence for the relative nontoxicity of peptones and proteoses as 
compared with amino acids and the peptide glutathione. Some of these 
peptones (Bacto-tryptose, Bacto-protonc, Proteose-peptone) appeared 
favorable to ndention of the rosedte condition despite the short day, 
but th(* r(‘sponse did not apj)ear regularly. 


Tabi.k a.— Growth of tohnrro xtedlingn, Maryland Medium Broadleaf, with 2 ve.r- 
rent of xurrotse ylm vitamins or peptones in aseptir eullure for 28 days at 25° C. 
and 500 foot-candles of fluorescent white light for 8 hours daily 


('out nil or comiioutid 

\ \ or* 
age 

' 

.\ptx*ar- ' 

('ontrol or compound 

A ver- 
age 

Apjiear- 

(I.O mg. prr 

total 

anee ' | 

(200 mg. per liter) 

total 

ance ‘ 


Yield 




yield 


(’ontrol , 

gra mn 
19. i\ 

i 

S,8 1 

Casaiiimo acids * 

grams 

0.6 

S,2 

Biotm < . 

20 4 

S.8 

Bacto-peptono * 

22 7 

8,8 

'Phiiiimno ('hl<irld(‘ 

14. S 

S,H 

1 Peptone (Witte). ... 

20.4 

8,8 

l\vridoxiric- .. 

23 K 

S,8 

Malt extract 2 . 

18.8 

8,8 

Nicotmu* a(ji(l. 

19.fi 

S,8 ! 

Yeast extract s 

1 8 

8,2 

liiboflavm < ... 

19 0 

Bacto-trjptose 2 . . . 

22 8 

R/2,8 

.\seorbic aiid 

22 4 1 

1 S, 8 1 

Bacto-protone 2 — 

18 0 

R/2,8 

(''alcium (i-pantothonato 

19 7 I 

i 

! Bacto-tr> ptone *’ 

16 9 

8,8 

p-\mmo ixmzoic aci<l . 

19 8 

S.K 

j Proteose-iieptone No. 42 . . — 

23.1 

R/2,8 

Folic acid ® - ... - - 

1 19 :i i 

! 

j Neojx'ptoiie 2 . . 

19.3 

8,8 

lndolc-3-propionic ai’id 
ln(lolc-3-ac«*tic acid 

1 

, 11 7 

1 11 1 ; 

1 1 

S.8 

L. 





' S, Shoot or stem, U/2, part ini rosette Kated from 0 (white) to K' (dark gr(*en). 

‘ Fiom Difeo Laboratories 

’ 10 gammas nor litei . 

< 0.4 mg. per liter. 

'0 1 mg. per liter. Tourtesj of I’rof Uoger J. Williams 

EFFP]CTS OF PURINES AND PYRIMIDINES ON GROWTH 

Excesses of metabolites other than amino acids may behave similarly 
in producing abnormalities in gross morphology. At concentrations 
of 200 p. p. m., for example, adenylic acid, giianylic acid, uracil, 
guanine, guanosine, and hypoxanthine brought about faint mottling. 
Adenine caused formation oi white leaves because of excessive toxicity. 
Paint, glossy, dark-green leaf blotches also were evident with xanthine, 
guanosine, and hypoxanthine. With all of these products of nucleic 
acid decomposition except adenine yields were almost normal. Growth 
with adenylic acid, uracil, and xanthine was, indeed, slightly better 
than that of the controls. Glutathione (table 2), a tripeptide, was 
also rather toxic and would probably cause production of specific 
symptoms at- its toxic threshold. 
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DISCUSSION 

Persistence of the rosette stage preliminary to shoot elongation varies 
considerably with different varieties of tobacco. The variety used in 
these experiments is cliaracterized by a well-defined preliminaiy 
rosette stage. The day-length experiments of Allard and Garner (1) 
would indicate that duration of the rosette condition is briefer with 
long daily periods of solar illumination than with short ones. With 
the environmental conditions employed in these experiments this 
response appeared to be reversed. The plants grown with a short day 
began stem elongation almost immediately, whereas those in con- 
tinuous illumination remained in the rosette stage for a month or more. 
The factor responsible was probably low light intensity, but high 
moisture and relative humiditv may also have contributed to the 
reversal in response. Reversal is viewed primarily, however, as a 
low-nutrition response. 

It is probably unnecessary to assume the presence of a rosette-form- 
ing hormone in this reaction of tobacco. The data seem to indicate 
that variations in the proportions and concentrations of ordinary 
biochemical constituents of the plant may bring about modifications 
in duration of the rosette stage. The difficulty in demonstrating this 
interpretation experimentally lies in proving that the components of 
the chemical mixture used to cause reversion to rosette formation are 
actually those so functioning in the plant. Biochemical data are needed. 

The characteristic and specific response of tobacco seedlings to 
r//-isoleucine is of great interest, particularly if it proves to be the 
primary cause of frcnching in tobacco. ® This disease is of world-wide 
occurrence, but little is known of its cause. Response of tobacco to 
rf/-isoleucino in aseptic culture is very similar to frcnching in the field, 
considering the wide differences in these environments. Moreover, all 
3 samples of this amino acid that were tried were equally effective and 
varied with the concentrations used. The ineffectiveness of about 60 
other biochemical compounds to bring about a similar response would 
indicate the degree of specificity involved in this reaction. McMur- 
trey (5), however, was also able to duplicate the symptoms of frcnching 
to some degree with thallium salts. Shear and Ussery [8) found that 
this tobacco disease occurred in the absence of thallium under field 
(conditions. 

The mechanism is unknown whereby specific characteristic symp- 
toms in the green plant are brought about through mineral deficiencies 
and toxicities. Though an assumption of direct action might appear 
plausible for macronutrients, nutritive deficiencies of micronutrients 
at least could lead to characteristic syndromes only indirectly. The 
data presented on amino acids reved the existence of a mechanism 
for the production of specific morphological abnormalities dependent 
upon irregularities in protein metabolism. Variations in formation 
and degradation of proteins under abnormal environments could lead 
to accumulation in excess of specific free amino and other acids. 


* A similar response to dZ-isoleucine is given by Xanthi Turkish tobacco in soil 
and solution culture in the greenhouse and by Connecticut Broadleaf in soil. 
Symptoms of mild frenching — bud inhibition, pale buds, narrow leaves with pale 
rims, and reticular chlorosis — were quite characteristic of the Connecticut Broad- 
leaf variety in soil. 
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purines, pyrimidines, and peptides sufficient to produce a direct and 
harmful effect on j^rowth and color of leaves, buds, and stems. The 
phenomena of ammo acid toxicities have a range ample to account 
for at least some of the specific mo^hoWical symptoms encountered 
with disturbances in mineral nutrition. The validity of this interpre- 
tation is further supported by the data demonstrating the relative 
innocuousness of proteoses and peptones and by the modifications in 
symptoms resulting from amino acid admixture and from concentra- 
tion. 

Moi^hological abnormalities in plant growth are known to take 
place in darkness and are accompanied by an increase in free amino 
acids. Bennett (2) reported that iron chlorosis in spur leaves of pears 
is accompanied by an increase in soluble nitrogen. 

SUMMARY 

St^edlings of the Robinson strain of tobacco, Marvland Medium 
Broadlcaf, W(U‘c growm for 28 days in 200-cc. Pyrex Erlenmeycr flasks 
under aseptic conditions at 25° C. with 500 foot-candles of fluorescent 
white light. Each flask contained 50 cc. of a mineral-agar medium. Of 
about 60 sugars, amino acids, vitamins, and peptones added to the 
medium, only sucrose, D-glucose, D-fructose, and perhaps D-xylose 
were definitely beneficial to growth. Other compounds, particularly 
amino acids, were toxic at concentrations of 5 to 200 p. p. m. A 
specific toxicity response to rf/-isol(‘Ucine duplicated most of the gross 
characteristics of the disease known as frenching, especially strap-leaf 
formation, reticular chlorosis, inhibition of all stem elongation, and 
hirpe increase in leaf number. Admixtures of other amino acids with 
r//-isoleucine led to wide variations in response from diminution to 
accentuation of the symptoms of frenching. Individual acids caused 
distinctly different patterns of gross morphological abnormalities. 
It is suggested that excesses of free amino acids due to abnormalities 
in protein metabolism may contribute to the formation of characteris- 
tic patterns of symptoms in plants because of disturbances in mineral 
nutrition. Failure to pass through the rosette stage under short daily 
illuminations could b(‘ corrected partially by addition of D-mannose 
and certain peptones. Commercial peptones (peptones, proteoses) 
were relatively nontoxic as compared with the free amino acids. 
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C()N(JENITAL MALFOUMATJONS OF EYES OF SHEEP 


lly luKNK UosENKKij), (iHHovialv pharninrolof/ixf, iiiul O. A. Hkatji, research 
ehemisiy Wipnmaif A{/neultura! Experiment tit at ion 

INTRODUCTION 

Maternal body temperature and moisture in mammals are snfli- 
ciently uniform to prevent these factors from interfering with normal 
development of the embryo. Lack of oxygen, excess of carbon diox- 
ide, dietary deficiencies, and the presence oT toxic substances, however, 
do interfere with and retard the rate of normal development. 

The relation between a faulty maternal diet and anomalies in the 
offspi'ing bas been reported by many investigators. Hale (/7)- and 
Moore, Huffman, and Duiu'an {H) found many congenital malforma- 
tions in pigs and calves maintained on a vitamin-A-deficient diet. 
AVarkany and his coworkers (A5, If!) described skeletal abnormalities 
in the offspring of rats due to maternal nutritional deficiencies. 
Franke ami Tnlly (,{) pnaluced chick monsters by feeding grains 
wliich (contained selenium, and Landauer (0) produced various types 
of abnormalities with organic selenium in cree])er and normal strains 
of fowl. Heath et al. ( / ) reported malformations in the jirogeny of 
sheej) which were grazed on seleniferous areas. 

It is evident that selenium can interfere with the normal develop- 
ment of the embryo and that it can produce malformations in the 
|)rogeny. The process by which selenium produ(‘es malformations 
was suggested by the investigations of AAT’ight (/'>), when he demon- 
strated that selenium injures the oxidative mechanism of adult 
tissues. If selenium interferes with tissue respiration, those organs 
which have the highest growth rate during embryonic development, 
tliat is, the eves, head, and exti*emities, would be the most seriously 
affected. This has been the case in all the malformations that the 
writers have obs<*rved in the lambs of sheep grazed on seleniferous 
areas. 

Reports on selenium malformations up to the present time have 
dealt with tlie structural anomalies observed. Tlie present paper 
jiresents observations on the gross and histological changes that oc- 
curred in the eyes of lambs from mothers which had grazed on selenif- 
erous areas. The malformations involved tlte extremities and the 
eyes. This paper deals only with the gross and histological changes 
in the malformed eyes. 

' Received for imblicatioii AuRust VX 1046. Presented l>efore tlie Rocky 
Mountain Section of the Soci(‘ty for Experimental Rioloj<y and Medicine. 
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MATERIAL AND METHODS 

Two hundred and fifty malformed lambs were born in a group of 
2,100 ewes grazed on a seleniferous area. Seventy-five percent ot the 
malformed lambs died at birth and 10 percent died between the ages 
of to 5 months. The lambs that lived longer were dwarfed, the 
extremities and eyes were deformed, and the reproductive organs were 
underdeveloped. Similar malformations were observed by Beath et al. 
(/) in animals on seleniferous areas in Wyoming. 

The malformations of the eyes of lO animals were studied. In ordei* 
to observe the sequence of changes which occur during growth, the 
lambs were killed at 1, 2, **>, 4, and i> months of age. Analyses for 
selenium in the blood, liver, and kidney were carried out on all ani- 
mals. Ill the younger gi‘ouj) the selenium content of the liver rangiHl 
from p. p. m. to 5 p. p. m. and in the older group from 0.8 to 
j). p. m. In previous experiments the writers {I(^) had observed that 
about JiO percent of the daily selenium intake was eliminated in the 
urine provided no kidney injury was present. The tissues of newly 
born lambs, without congenital defects were free from or contained 
only traces of selenium. 

All tissues were fixed in 10 percent formalin. 

Studies of the various organs showed pathologic changes similar to 
those observed in the blind staggers type of selenium poisoning re- 
[lorted by Draizeand Beath (^) and liosenfeld and Beath (/w). 

GROSS (CHANGES IN MALFORMED EYES 
OBSERVATIONS 

The eyes of 2- to 4-week-old lambs showed a single large trans])arent 
cyst protruding from the bulbar conjectiva. As the lambs maturc'd 
these cysts ruptured and the eye proper could be observed. Hie nor- 
mal position of the eye in the orbit was disturbed and the cornea was 
misplaced, either to the nasal or the temporal side. The cysts varied 
in size and were (lovered with fibrous tissue. 

At necroscopy microphthalmia with multiple cysts and normal -size 
eyes without cornea and pupil were observed. Hie lenses were mis- 
placed or absent and the whole organ appeared to be filled with clear, 
transparent fluid. The sclera was fused with the ettimoid, the frontal 
bones, or the floor of the orbit. In such cases the eyes were fixed and 
could not be rotated. Separation of the cysts from the orbit resulted 
in the rupture of the cysts (fig. 1, A), There were large pigmented 
epithelial and connective tissue folds overlapping the eyes (fig. 1, 

In the younger animals the eye appeared smaller (fig. 1, 0) because of 
the smaller size of the cysts. In the older animals the only limit ing 
factor imposed on the size of cysts was tlie space available within the 
orbit. The number of cysts varied from two to six per eye (fig. 1 , />) . 
The origin and insertions of the muscles of the eye could not be deter- 
mined on account of the disorganized structural arrangement and the 
protrusion of the cysts. There were increased periorbital fat and some 
gelatinous embryonic tissue. The orbital cavity usually appeared 
normal, but occasionally some of the bones showed erosion and 
petechial hemorrhages caused by pressure of the cysts. 

The eyes were sectioned through the anteroposterior axis. An eye 
of some sort was always present. No relation between the age of the 
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animals and the development of structures of the eyes could be ob- 
served. The increase in size was due to the enlargement of the cysts, 
jiot to development of the eyes. The malformations in the eyes oi the 
same animal were not identical. Usually the deformities showed a 
more extreme manifestation in the right eye than in the left (fig. 2, 
A). Bawles (’9) observed that chick blastoderms of the head process 
on the left side have a higher developmental capacity than those on 
the right. 

The various anomalies observed in the diffrent structurs of the eye 
may be described as follows: 

Cor^nea , — The cornea was small and thickened and many times was 



FiQUBa 1. — Malformations of eyes of lambs from mothers that had grazed on 
seleniferous areas: A, a, Posterior view of eye, showing remnant of ruptured 
<‘.vs( which adhered to floor of orbit; b, posterior view of several large cysts, 
yj, «, Pigmented epithelial fold covering anterior part of eye; b, large cyst with 
t id n- walled elevated cysts; 0, a, Eye of 2-week-old lamb showing microphthal- 
mia; 6, eye of 2-week-old lamb showing remnants of bulbar conjunctival cyst 
(</') and posterior large cyst (b'). i), a, Misplaced eye; 6, three small cysts; 
c, one large cyst. All X 0.7. 

displaced laterally (fig. 2, .4). A gray opacity obscured the normal 
division between the s(3era and cornea. There was an extension of the 
episcleral tissue, and occasionally it showed some pigmentation. 

Anterior and posterior chmribers, — ^In many cases the division into 
anterior and posterior chambers was not well defined or was completely 
absent. In other cases the anterior chamber was shallow and the lens 
pushed forward, almost touching the cornea. 
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Leus, — Congenital absence of the lens was observed, usually when 
the eyes were rudimentary in size (tig. 2, B), Attachment of the lens 
to the retina or iris was observed in two cases. In one the lens ap- 
peared dumbbell-shaped and was covered by a ciontinuous lens capsule. 
The lens was located postero-laterally ; one part was within the eye 
while the other part projected into the cystic cavity (fig. 3, .1). 

Iris. — ^In all cases the iris was rudimentary or al)sent-. The muscles 
of the iris were absent. Occasionally the rudimentary ii*is was at- 
tached and extended over the cornea. 







Figure 2. — A, Left eye shows more advaiic’ecl developmeut and higher sti-iictural 
differentiation than right eye: a, Cornea displaced laterally; 6, (*y«tic cavities 
and defects in walls of the eye; c, papillary ju-ojection on walls of cystic 
cavities. /?, Microphthalmia rudimentary separation into anterior and pos- 
terior chambers; a, Eye filled with loose connective tissue, lens absent; h, dis- 
placed cornea ; 0 , large cystic cavities with communicating sinuses. All X 0.7. 

Optic nerve., retina., and choroid. — The optic nerve was absent, atro- 
phied or calcified. Sometimes it ended in the sclera, and no direct 
(connection between the eye and the optic nerve existed. In one case 
the optic nerve failed to develop, but an optic stalk and choroid fissure 
persisted. The optic stalk extended up to the rudimentary iris and 
remained embryonic in character, showing a developmental arrest 

(fig. 3 , 5). 
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The retina and choroid at the ]>osterior part of the eye were normal 
in distribution. Tlie retina extended over and covered the interior 
of the cysts. 

Sclera , — The sclera around the primitive eye was thin, not well de- 
fined, and showed various defects which formed enlarged sinusus 
connecting with the c.ysts. The number of defects in the walls of the 
s(dera depended ui)on the number of cysts present. Almost all the 
eyes showed some sort of scleral defect. 

Cystic carities , — The cystic cavities were filled with clear fluid which 
resembled vitreous humor. The cysts were bilocular or imiltilocular 
and the thin septum of the cysts had small defects which permitted 
intercommunication between the cystic cavities. The walls of the cysts 
were rough and uneven with various papillary projections. The walls 
of the cystic cavities were covered with epithelium which in some 
places appeared pigmented ; in others pigmentation was absent. 

The single cystica cavities in the older animals were 0 cm. in diameter, 
while the mult ilocular cavities were from 2 to 4 cm. in diameter. In 



FhU'Kk 3.- A, l)uiiil>beU-sliai)e<l lens that fills eye cavity : Lens protruding into 
cystic cavity. B, Kye showing persistence of optic stalk: (/, Optic fissure, lens 
absent, indicating definile (levelopniental arrest; h, large dilated cystic cavltU‘s; 
c, iris bent and fused to (‘oriiea. All X 0.7. 

addition to the larger cysts, there were numerous smaller ones from 2 
to O.o cm. in diameter, forming irregular and complex structural 
arrangements. 

DlStU’SSlOX 

An understanding of the development of the various anomalies 
observed in the malformed eyes can be obtained only if we recognize 
the fjict that embryonic growth and ])roliferation depend upon an 
unlimited supply of food and oxygen. Stockard (JJ) has j)ointed out 
that the normal development of the embyro depends upon the stability 
of certain factors in the environment. Embryonic death, as well as 
monstrous development, can be imluced by changes in the conditions 
of moisture, teniperature, oxygen supply, the action of various chemi- 
cal substances, actinic rays, and dietary deficiencies. The malforma- 
tions which are produced do not depend upon the specific teratogenic 
substance, but depend upon the time at which the developmental 
arrests occur. The development of a normal structure depends, not 
only upon a definitely located primordia, but also upon th(‘ time per- 
7:nsfti 47 2 
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mitted for its development. Therefore, it must attain its supremacy in 
growth and proliferation during a limited period. This time-limited 
oj)portunity for development is due to the growth competition between 
organs. Stockard {IS) staled that if the entire embryo is depressed 
or has its develoj)mental rate reduced, the rapidly developing struc- 
tures will be affected more seriously than the slowly developing ones. 
When normal growth rate is resumed the slow-growing parts are abl(» 
to regain their ordinary lates, but the rapid-growing organs ai’e un- 
able to resume their extraordinarily high rate of development, and, 
therefore, the rapidly developing organs lose theii* extraordinary 
advantages and the organ fails to develop or is malformed. 

The abnormalities observed in these eyes shows developmental ar- 
r(‘st, indicating that the anlage was there but the potential for growtli 
and proliferation was lost. Some of the stiuctures were in an em 
bryonic stale, which was well demonstrated by the i)resence of the 
optic stalk and the pei’sistence of choroid fissue and embryonic lens. 
The different manifestations and the various grades of abnormalities 
indicated that injury did not occur in these animals at the same stage 
of embryonic devek)pment. Develoj)ment was more advanced in some 
cases than in others, and (‘onsequently structural development was 
more advanced in some than in others when injury occurred. The 
postnatal age of the animals did not alter the defects in the struct un' 
of the eyes since the II- and 6-months old animals had lens, iris, and 
corneal developments as primitive as those of a 2-week-old animal. 
Another interesting point observed was the fact that grossly the struc- 
tures of the eyes (fid not show any of the degenerative cllanges tliat 
would be expected if the cysts exerted excessive pressure. The normal 
pressure in the various cavities was maintained through the simises 
and defects in the walls of the cysts and sclera. This pressure equi- 
librium suggests that the fluid was not foreign in origin, but was ])ro- 
(iuced in the same mannei* as vitreous humor. 

IIISTOLCXilCAL CHANGES IN MALFOUMEI') EYES 
OBSERVATIONS 

Only a few histological st udies of malformed eyes have been reported 
in the literature. Franke et al. (S) studied the effect of selenium in 
chick embryos but failed to give the histological or the gross changes 
that take place in the different organs. Warkany et al. (i^, 17) re- 
ported the histology of the malformations observed in the eyes of rats 
whose mothers were on a vitamin-A-free diet. 

The eyes to be studied were fixed in 10 percent formalin, embedded 
in paraffin, and sect ions IO/a to 12/i thick were cut. The sections were 
stained with haematoxylin and eosin, with (topper chrome haemal o- 
xylin, and with Mallory’s connective tissue stain. From each eye 50 
sections were taken at lOOix intervals. 

Although the structural malformations of the eyes were varied and 
numerous, it was apparent that they were due to the failure of the 
various structures of the eye to fuse, lack of differentiation, lack of 
growth, or cellular proliferation. The failure of the sclera to fuse was 
the most frequent defect observed. When this happened the vitreous 
humor was permitted to flow into the mesoderm, where multiple cyst 
formation occurred. 




FKiiiKK 4. — A, a, liiloculnr bulbar conjunctival cyst covered with epithelial 
eells ; h, hyperplastic <*ornea. B, a, I’seudoanterior chamber ; b, bent iris ; c, ciliary 
processes extending over anterior part ol eye; d, embryonic retina; c, embryonic 
tissue; f, papillary projection in cystic cavity. (\ a. Eye shows microphthalmia 
with rudimentary anterior chamber ; b. embryonic retina ; c, lens extruded through 
defective sclera into cystic cavity, giving apiHjarance of double lens because of 
curvature of lens ; d, defect in sclera. I>, a, Embryonic lens almost tilling posterior 
(diamber; b, thin sclera; c, embryonic tissue surn)unding sclera; d, large lateral 
cyst ; €, impillary projections on cyst shown in d. 


ferentiated mesenchymal tissue with occasional pigmented cells anti 
some connective tissue. The ejiithelium covering the cornea was nor* 
mal in appearance except in a few cases in which epithelial hyperplasia 
was observed. In the eyes of the younger animals the bulbar conjunc- 
tiva formed systs wliich were covered with conjunctival epithelium 
(fig. 4, A). 
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The anterior chamber was rndimeiitary, shallow, or absent. The 
iris, at times, was absent, bent, or fused with the cornea. The bent iris 
formed a pseudoanterior chamber and brought about the displacement 
of, the ciliary j)rocesses which extended over the enterior part of the 
eye or were attached to the cornea (fig. 4, B ) . The normal ciliary body 
Avas absent. Misplacement of the choroid occurred in one eye, and the 
choroid extended up to the antei’ior chamber where the vessels were 
dilated and a newly foimed thrombus Avas present. The lens Avere 
rudimentary, misplaced, embryonic in character, or absent. Misplace- 
ment of the lens Avas due to its fusion with the iris or with the retina. 
The lens attached to the retina passed through the cystic cavity giving 
the appearance of a double lens (fig. 4, t'/). Oc(‘asionally the lens Avas 
highly cellular in appearance and ejubryonic in size and almost tilled 
the caAuty of the eye (fig. 4, />). The lens capsule Avas normal and the 
fibers were nucleated. The amorphous sul)stance Avas unevenly dis- 
tributed and there Avere many vacuoles. 

In the abnormally eA^rted portion of the cysts there was an absence 
of choriocapillary layers. Mann (7), discussing the abnormalitie^ 
of the eye, states that the chorio<‘apillai‘ies of the choroid develop noi - 
mally only Avhen it is in contact wntli pigmented epithelium. 

The retinal tissue exhibited various abnormalities. In many cases 
the retina revealed embryonic separation and AA^as (‘omposed of Iavo 
layers (fig. 4, f '). The inner layer Avas much thicker than the outer 
and contained some neutral elements: the outer layer Avas composed 
of ])igmented epithelium. In some cases this primary optic vesicle aa as 
(‘Oimu’ted into a cystic cavity. The retinal epithelium formed folds 
0 A^(‘r the cystic cavities. At- various areas in the (*ystic cavities there 
Avas a coiulensation of tlie e])ithelium, forming adenomatous arrange- 
ments (fig. T), .4). The core of the pa])illary projections Avas com- 
posed of nerAM)Us and connective tissue. There were areas in the Avails 
of the cysts in AAdiich the retinal epithelium Avas folded and hyper- 
plastic. The multilocular cysts were diredly connected Avith the eye 
proper by multiple sinuses (fig. 5, B), The epithelium covwing tiie 
sinuses Avas continuous with the cystic cavities and the retina of tlu* 
eye. The walls of the cystic cavities were c()mj)os(*d of fibrous tissue 
and lined with a perverse layer of retinal epithelium. Various inter- 
pretations as to the formation of peiwerse layering of the retina have 
been giA^en. Wolff {18) suggested that this type of layering is an 
actual detachment of the retina resulting from the inc*reased subretinal 
fluid Avhich pushes the retina through the choroid fissure into the loose 
mesoderm. Cysts are formed in this manner by the condensation of 
the mesoderm outside the eye. 

There were secondary cysts Avithin the larger cysts which wei*e cov- 
ered both inside and outside with retinal epithelium. The secondary 
cysts formed near the optic neiwe, in the ret ina, outside the sclera, and 
within the wall of the sclera or at the junction of the anterior and 
posterior chambers. Surrounding the cyst was a large amount of un- 
differentiated jnesenchymal tissue. Within the cystic cavities occa- 
sionally there were structures which reseml)led ciliary processes con- 
taining pigmented epithelium. These were attached to the walls of 
the rudimentary eye and indicated that during the development of the 
eye some disorganization of the anlage occurred, as these structures 
developed outside the eye and within the cystic cavities. 
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The optic nerve frequently showed atrojihy. In some of the eyes 
there was no connection between the optic nerve and the eye. In these 
eyes the nerv^e ended ditfusely in the posterior ])art of the sclera. In 
* wo cases the optic stalk failed to develop into the optic nerve. There 
was also lack of differentiation in all other structures. The vitreous 
humor in the eye formed fine lonptudinal fibrils and filled the cavity 
of the eye (fig. 5, tj). '^Hie persistence of the optic stalk, the choroid 
lissure, and the embryonic*, vitrt'ous indicated that develojimental arrest 
occurred eai‘ly in embiyonic development. Mann (7), correlating the 
development of the eyes with the rest of tlie body, states that in the 
r‘5r)-inni. embryo the optic stalk is reidaced by the optic nerve. 

AVithin the eyes and suri’oiinding the eyeball there was a great deal 
of undifferentiated tissue. The presence of this embryonic undif- 
ferentiated tissue indicated that development was inhibited and its 


0 

Fkjuuk 5. — 1. Eye* ('(uiijiostMl of two cavities, a. SarroniideU by sclera; h, 

surioiinded by <‘inbr,Aonlc tissues: r, lens abiiornial iii sbaiie and attached to 
retina: //, retina forniinj? adenoma tens arransenienf at area of contact with 
lens; c, c.\sl outside eye projier lined with retinal eiiitbelium ; f, dilated cyst 
derived from retina, a. Defect in wall of sclera; fj, intercoiuinunicating 
sinuses lined with retinal epitlieliuin : c, ciliary i>rocess attaclied near s<*leral 
ilefect at posterior part of rudinH*ntary eye; d. ililated secondary cyst ; c, retinal 
tissue forinin^f adenomatous arran^yeinent with dilated secondary cyst shown 
in (/. (\ 0 , Opti<* stalk: choroid fissure ; c, filamentous vitreous; </, cornea. 

wbi<'li apfiears boniojjeneous : r, sinjrle layer of <*pithelium covering: cornea; f, 
muscle bundles disorpinized and separated by large cyst ; fo, muscle bundle. 

potential for differentiation was lost. In contrast to this undif- 
ferentiated tissue were the tissues which maintained their develop- 
mental j)otential and differentiated at abnormal positions. 

DISCUSSION 

'I'he niiilfornied eyes investigated presented a bizarre histological 
picture. The malnrningeinents of these structures may be explained 
ns a result of early eiubryological arrest and disturbance in the anlage. 
'I'lie factors Avhich niiglit have caused these changes are numerous. 
The developmental arrest may have been due to decreased oxygen 
caused by the action of selenium. The lack of growth and cellular 
proliferation at cei-tain developmental stages may have been re- 
sponsible for the rudimentary and malformed structural development. 
The decrease of vitamin A due to selenium may also have been a 
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factor to these nialfonnations. The writers [11) have 
observed a decrease in vitamin A and ascorbic acid in selenium poison- 
in{y, and Warkany {IJ 4 ) has des(*ribed malformation of the eye with 
vitamin A deficiency where the vitreous was fibrous in character. 

Noi-mally ruminants c*an synthesize ascoi-bic acid, and the embryo 
is able to supply the necessary amount of ascorbic acid for its develop* 
ment. The decrease in ascorbic acid during embryonic development 
may have caused certain of the defects. The normal function of 
ascorbic acid is to maintain the integrity of the intercellular substance 
of meseiK^hymal supporting tissues. Only in one case were there 
definite signs of vascular damage suggesting avitaminosis, although 
the failure of the different mesenchymal structures to maintain their 
continuity during embryonic development may have been due to 
vitamin C deficiency. 

^ The fact that the fluid present in the multiple cysts did not produce 
any gross or microscopic pathological changes may be explained by 
the fact that the intercommunicating sinuses maintained the normal 
pressure within the eyes. 

The neural tissue within the cystic cavities, which formed the core 
of the numerous papillary projections, indicates that the epithelium 
of the retina served as internal covering for tlie cystic cavities. 

The derivation of the endochondral bone from the sclera observed 
in some cases poses an interesting (juestion. In the lower vertebrates 
the sclera is cartilagenous. Whether the ])resence of endochondral 
bone within the sclera in mammals indicates a reversion under stress 
to the less differentiated tissue or whether the bone formation was due 
to misplaced mesenchymal tissue cannot be staled definitely. How- 
ever, the fact that endochondral bone was formed in the sclera in- 
dicates the pluripotentiality of mesenchymal tissue. 

SIMMAUY 

A desc]*ii)tioii of the gross malformations of the eyes observed in 
the ])i*ogeny of ewes grazed on seleniferous areas is presented. Con- 
genital microphthalmia, rudimentary eyes, displacement of the lens, 
absence of the lens, lack or normal division between the cornea and 
sclera, microcornea, and colobomas of the various structures are 
described. 

Histological sludies indicated that in the malformed eyes cellular 
and structural misplacement occurred during early embryonic develop- 
menl. The majority of the defects involved tlie structures which 
d(*ve]oped fiom mesenchyme. Endochondral bone formation within 
<lie sclera indicates the pluripotentiality of the meseiu’hymal tissue. 
Histological changes in the various structures of the eyes are discussed. 
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REACTION OF MOUNTAIN BROMfi AND CANADA WILD- 
RYE STRAINS TO HEAD SMUT (USTILAGO BULLATA)* 

By E. J. KHEiziNfiBE, formerly assigtant agronomist, George W. Fischer, formerly 
pathologist, Division of Forage Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture, and A. G. Law, assistant agronomist, 
Washington Agricultural Experiment Station 

INTRODUCTION 

111 llu* Pacific Northwest and the Rocky Mountain States several 
species of forage grasses an* commonly found affi'cted with head smut 
Hhtilago bullata Berk.) in native stands and in plantings for hay or 
jiastun*, seed production, or soil and water consei-vation. l^rominent 
among (lu'si* spc'cies is mountain liromi* {Bromvs marginatm Nees), a 
native perennial. This grass is one of thi* best forage sp(*cies for u.se 
with swi'elelover in the inlermountain area. As part of a pneral 
program for improvemi'iit of the species, atti'iilion has been given to 
ii(*ad smut resistance. This paper prc'sents tlu* r(*aetion of sevi'ral 
agronomieally superior aee(*ssions of mountain hrome to various 
races of head smut in controlled inoculation tests. Elymm cauaden- 
si.i L., another native species which is susceptible to the* same races 
of h(*ad smut, has also been testi'd and the results an* included herein. 

MATERIALS AND METHODS 

Fourle(*n accessions of mountain hrome seh'cted from field collec- 
tions rejiresenting widely vaiying types from several W(‘st('ni States 
have been testi'd for degree of susceptibility to 4 races of head .smut 
attacking this species. Two of these (race 5 and race 7) arc among 
those described earlier,^ and 2 (race 9 and race 12) are new races 
that have since been differentiated. The inoculations were performed 
by the partial-vacuum method. The inoculated seed was germinated 
in plant bands in the greenhouse in late winter, and after the seedlings 
were well above the soil they were moved outside for venialization. 
The vernalized seedlings were transplanted to nursery rows in the 
spring, and most of them headed wi'll the following summer. The 
same proceduie was usi'd for 12 accessions of Elymus camdensin. 

' Received for jiublicatioii April 11, 1945. Grass-disease and ({rass-improve- 
nient investigations of tlie Division of Forage (Vops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, in cooperation with the Division 
of Nurseries, Soil Conservation Service, S. Department^ of Agriculture, and the 
Washington .Agricultural Exiierinient Station, I’ullman, Wash, Scientific Paper 
No. 622 of the Washington .Agricultural Experiment Station. 

2 Fischer, G. W. host speciamzation in the head smct of grasses, 
1 ,sTiLAGO bixlata. Pti.vtopat liology 30: 991 1017, illiis. 1940. 
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RESULTS 

In 1941, 14 accessions of mountain brome were each inoculated with 
12 collections of head smut from widely separated localities in the 
Western States, representing 4 physiologic races. At the same time 
12 accessions of Canada wild-rye were inoculated witli the same smut 
collections. The purpose of the experiment was twofold: (1) To 
obtain a comparative evaluation of the resistance of the mountain 
brome and Canada wild-rye accessions previously det(‘-rmin(»d as being 
agronomically superior and (2) to obtain a comparison of the virulencci 
of the 4 races of head smut and of the collections which comprise these 
races. Data W(‘re taken in 1942 on a head-count basis, and the r(»sults 
are shown in table 1 . 

The data from thes(^ inoculations present some interesting lu'sults. 
In the first place, the differencciS between accessions in susceptibility 
to head smut are very great, indeed. No 2 accessions of mountain 
brome gave the same reaction, the range of infection being 0 to 100 
p(*rcent. Only 2 accessions appeared resistant to all 12 collections of 
smut; one (Wn-439) w^as practically immune, wliile the other (P-2133) 
app(\ared generally resistant or immune. Although several accessions 
of mountain brome were more or less infected ])y all 12 of the head 
smut colle(5tions, none of the accessions was definitely susceptible to 
all of them. The nearest appioach to this was P-3972, for whi(‘h the 
low^est pej*c(U)tag(‘ of smut was 10, obtained with collection M-T (ract'. 
7), and tlie highest w^as 100, obtained with collection Al-Ci (race 9). 

A ready evaluation of the comparative^ resistance of the 14 acc(^s- 
sions of mountain brome is juovided in the susceptibility index in 
table 1. Neither the average percentage of smut nor the numbeu* of 
(collections infecting is by itsdf a satisfactory indt^x of susceptibility. 
The susceptibility iiuh'X, the product of the average p(crcentage of 
smut in a given acTcssion and the number of collections infecting that 
acc(‘ssion, is considered a much bettiT measure. By this measure- 
ment the outstanding immunity of Wn-439 is readily apparent as this 
acc(*.ssion has a susceptibility index of only 0.2. Other accessions also 
(‘xhibit a high degree of resistance to most of the collections (Wn-438 
and P-2133 with susc(‘ptibility indexes of 54 and 14, respectively), 
but they are more or less susc(*.ptible to 1 or 2 collections. Accession 
P-2133" (a reproduction of Wn-438) represents an early-maturing 
strain of mount ain brome that has be(‘n in commercial production foi- 
about 10 years in Washington and probably elsewdiere in the North- 
west. Fortunately, it appears to be resistant. 

Very much the same results WTie obtained with the 12 accessions 
of Canada wild-rye, except that the general susc^eptibility was cxcu 
higher than with the brome accessions. The low est susce])tibility 
iiuh'x was 104 and the lugh(‘.st was 904 (out of a theoretically possible 
1,200). Accessions P-788 and P-2389 both were high in suscepti- 
bility. 

Considerable differences in pathogenicity w^ere observed in the 12 
head smut collections used in the inoculations summarized in table 1. 
The disturbing fact came to li^t that all of the 12 collections seem 
to be different even though only 4 races are represented. Theoreti- 
cally, it might be expected that all collections previously identified as 
belonging to 1 race should have given the same reaction on the 26 
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Bromus and Elymvs aceossions iuoculaiod, but such certainly was not, 
the case. The best instance for analysis is seen in collections M-I, 
M~l 2 , M““R, M-T, and M-Y, all of which belong to race 7, 
on the basis of the reaction of the head smut differential grasses to 
these collections. However, on the basis of the reactions of P-1841, 
P-535r), P-6268, P~6328, P-2624, and P-4824 these 6 smut collec- 
lions are all different. Similarly, the 3 collections belojiging to race 
5 and the 2 belonging to race 9 arc easily differentiated on the basis 
of the reaction of some of the 26 host accessions used. 

Further comparison of the 12 smut collections is possible by means 
of the virulence index shown at the bottom of table 1. The viru- 
lence index is the product of the average percentage of smut producu'd 
by a collection or race and the number of accessions of host plants 
which it was capable of infecting. Here, again, the collections within 
a race seem to differ. Thus, according to this index, collection M-(\> 
is twif^e as virulent as collection M-Ci, and yet tliey are considered 
as belonging to the same physiologic race.. However, it^ is not yet 
consider(‘d feasible to att(‘mpt to differentiate race's by means of 
differences in virulence index. Rather it seems sufficient to recognize* 
that the physiologic races previously elescrilxHl in L \4Ua(j() bullata are* 
not genetic entities. The data in table 1 suggest that at least some of 
these raeres are* composeel of biotypes that e*an be separateMl l)y the use 
of additional hosts or strains within a host spee*ies. 

The expei'ime'-nt just described yiedeied e)ne*. re*sult of a eliscrepant 
nature. Accessie)n P- 3368 was infe'cted by all 12 e*oIle'ctie)ns, with an 
average of 38.3 perce'iit of smut, anel a susceptibility inele*x of 460 
(table 1). In pre'vious prediminary te'sts this ae*,ee‘ssion hael exhibite'el 
a high elegTve of re‘sistane‘e* anel in the obse*rvational rows of the* Soil 
Cor]seu‘vation Nursery at Pullman, Wasli., it had remaint'd smut-free* 
for several ye'ars. The suelehui susceptible reae*tion of P-3368 in the* 
present exp(*rime*nt was, the*refore, unaccountable. It was deie*ide*d to 
e‘ondue*t further inoe’ulation expeiriine*nts involving P-3368 anel 5 other 
accessions of mountain brome of e*xccllent agronornie* qualitie*s. 

In the second expe*rime*.nt six ace^'ssions of Bnmufi rnargiualus were* 
eaedi inoe*ulated with four races of heniel smut. In this te*st, inocula- 
tions were made with mixtures of coll(*ctions of e*ach ra(*e lather than 
with individual collections, because the*, primary interest was in 
testing the grass accessions for resistance. In the liope of finding in 
the susceptible accessions smut-resistant indivieluals that were* 
agronomically desirable, the experiment was conducted and data were 
taken on a spaced-plant basis. The inoculateel seed was plante^l in 
the greenliouse, and the seedlings were transplanted to individual, 
small, wood-veneer plant bands. A pe'riod of vernalization pree'odeel 
the transplanting to the field in the spring of 1943. Most of the plants 
headed well in 1943, and reaction data were taken in 1944. These 
(lata are summarized in table 2. 

The results of the second experiment (table 2) furth(*.r indicate the 
apparent immunity of Wn™439 to head smut. This experiment 
leestablished the high d(*gree of resistance in P-3368 and made the 
susceptible reaction of this accession in the first experiment even mon? 
subject to question. The high degree of susceptibilitv of P-3972 and 
P-5355 (susceptibility index 371 and 359, respectively) again is well 
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(lemonstrated. Howevor, in no case were 100 percent of the plants 
infected with smut. Tlie smut-free plants represent instances either 
of escape from infection or of genetic resistance. This investigation is 
being continued. 

It will be not(^d that in this second experiment accession P“-2133 
appcannl definitely susc(‘ptible to race 7 and race 12, a reaction quite 
in contrast to the general resistance manif(‘st in the first lest. In this 
connection it should be pointed out that preliminary inoculations in 
previous years had indicated that P 2133 is highly ivsistant to most 
collections of head smut but more or less susceptilile to others. 

Th(‘ reactions of the six ac(‘essions of mountain brome shown in 
table 2 do not reveal any great differences in the general virulence of 
th(‘ four races of head smut. All have nearly the same virulence' index. 


Tablk 2.— Reaction of 6 arresmons of Jirowus viarginntua to 4 r<ices of Vslilago 
hullata, and comparative virulence of the races 
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The discrepant n'sults obtained with accession P-3368 of mountain 
brome, as de'seribed, suggest (‘d error ('ither in the identity of the seed 
used in the first expe'rirnent (tal)le 1) or in the smut collections used as 
inoculum. The possibility of an error in the identity of the seed used 
st'cmed under tlu*. circAimstances th(‘ more plausible, and it was 
decided to investigate that possibility first. Seed of P-3368 produ(*ed 
in 5 ditferent years was used: 1936, 1938, 1940, 1941, and 1942. The 
1 940 s('(‘d was from the same lot that had bef'ii used in the fii'st inocula- 
tion experiment, summarized in table 1, in which P-3368 was so 
generally susceptible. These five seed lots were each inoculated with 
six collections of head smut, five of which were the ones which pro- 
duced the highest ])erc('ntages of smut on P 3368 in the first experi- 
ment. The s('ed was inoculated and planted as in the other experi- 
ments. Thi) 1936 seed was no longer viable, and no stands were 
obtained. Th(‘ data taken on a head-count basis are presented in 
table 3. 
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Tablk 3. — Comparative snsceptitnlity of 4 seed lots of Bromus niarginatus P - S368 
produced in different years to various races and collections of Ihiilago bullata 
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A comparison of tlic results with the four se(‘d lots of P-3368 in 
table 3 indicates that the 1940 lot, which gave the discrepant results 
in the first exp(‘riment, was not accession P-3368, as lal)eled, but 
I)]‘obably r(‘pr(‘S(Mits some susci'ptible selection of Brotnm margwatufi 
or perhaps another acc(\ssion of the same grass. 

DISCUSSION 

From the foregoing results it appears that within tlu^ specie's Bromm 
rnargitiatus there are strains varying markt'dly in tlu'ir reaction to 
races or colh'ctions of head smut. Two types of mountain brome of 
(‘conomic importance are easily distinguished by their growth habits. 
The first, represented by Wn-438 and P-2133, is an ('arly-maturing, 
fairly Itiafy strain and the second, represented by Wn 439 and P-3368, 
is a late-maturing, very h'afy strain. Both types are satisfactory with 
regard to seed yield, but the latter type by virtue of its lateness and 
leafiness is the more d(*sirabl(^ strain jfor use with swec'tclover. 

Before accessions or seh'ctions are released for increase or commei - 
cial production, reaction to head smut should be determined; and 
since resistant strains are available, pn'fcrence should Ix' givc'n to 
these. While head smut can be controlled by proper s(‘ed treatm(*nt, 
the use of resistant or immune strains eliminates the necessity of this 
operation. In the present investigations, two accessions of mountain 
.brome were outstanding for tbeir resistance to head smut: Wn-439 
and P-3368. The first is a Washington Agricultural Experiim'nt 
Station selection; the- second is an incn'ase of Wn-439 made' by tin* 
Soil Conservation S(»rvicc at Pullman, Wash. Further study of 
strains of moimtain brome is Ixung mad(' with the int(*ntion of rel('as- 
ing the one that proves most resistant to smut and at the same time is 
superior for use as forage. 

SUMMARY 

Fourteen accessions of mountain brome {Bromus marginatus) and 12 
of Canada wild-rye (Elymus canadensis) have been tested for suscepti- 
bility to races of head smut {Ustilago bullata) known to attack moun- 
tain brome. Considerable differences in degree of susceptibility w^re 
found in the mountain brome accessions, ranging from high resistance 
to high susceptibility. The same was true for Canada wild-rye, but 
this species was more generally susceptible than mountain brornc. 
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Since some lines of mountain brome are highly susceptible to head 
smut, it is essential that the reaction to this smut be determined before 
strains of tin’s grass arc increased for seed or released for commercial 
j)roduction. 

It app(‘ars probable that none of the physiologic rac(»s of Vstilago 
bullata that have been differentiaU'd and described repn^sents a geno- 
typic entity, but» rather that they are phenotypes whose component 
parts may be separated by the use of additional differential hosts or 
strains within a host species. 


U S GOVLRNMCNr PRINTING OFFICE m4 / 




JOIIim(IFM(inillALffiSEAII(l 

Voii. 75 Washington, D. C., August 15, 1947 No. 4 


VARIABILITY IN PHOMA LINGAM* 

By Glenn S. Pound 

Formerly associate pathologist^ Division of Fruit and Vegetable Crops and Diseases, 

Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 

Research Administration, United States Department of Agriculture 

INTRODUCTION 

In the Puget Sound section of Washington a species of Phoma has 
been found to occur regularly as a minor leaf spot and stalk rot patho- 
gen of seed plantings of cabbage {Rramca oteracea var. capitata L.) 
and Chinese cabbage {B, pekinerms (Lour.) Rupr.). On the latter 
host losses resulting from such infections have been important. The 
same fungus has also been found to cause mild infection on seed plants 
of turnip {B. rapa L.) and rutabaga (B, napobrassica (L.) Mill.). 

The Puget Sound section has become this Nation’s chief producer 
of cabbage seed primarily because seed grown there does not carry 
Phoma lingam Fr. (Desm.), the organism that causes blackleg, and 
Xanthomonas campestris (Pam.) Dows., the one that causes black rot. 
It became of interest, therefore, to determine the pathogenic capacity 
of these isolates of Phoma and to determine their relation both to the 
cabbage blackleg organism and to the organism of dry rot of rutabaga 
in Europe (S)^ and New Zealand {2), This paper presents a descrip- 
tion of the Phoma that occurs in the Puget Sound section and consid- 
ers its variability in relation to that of P. lingam found associated 
with typical blackleg of cabbage in other sections of the United States. 

REVIEW OF LITERATURE 

In 1791 Tode (.9, p. 51 and pi XVI, fig. 126) described the blackleg 
organism of cabbage and named it Sphaeria hngam. Because he 
found the fungus occurring on dead cabbage stems, he considered it 
a saprophyte. In 1849 Desmaziferes (S), however, collected the same 
fungus on living plants and transferred it to the genus Phoma. In 
Denmark in 1894 Rostrup {8) described a disease of rutabaga that 
he attributed to an organism which he named P. napohrassicae. In 
1918 Heiulerson (5) gave a detailed account of the occurrence of P. 

» Received for publication December 23, 1946. Cooperative investigations of 
the Bureau of Plant Industry, Soils, and Agricultural Engineering and the Wash- 
ington Agricultural Experiment Stations at the Vegetable Seed Production 
Laboratory, Mount Vernon, Wash. Scientific Paper No. 680 of the Washington 
Agricultural Experiment Stations, Institute of Agricultural Sciences, State College 

of Washington. .n-i. j ion 

2 Italic numbers in parentheses refer to Literature Cited, p. 132. 
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lingam in Wisconsin, where it caused severe losses in cabbage. Hen- 
derson did not mention variability of the causal organism, but he de- 
scribed two kinds of pycnidia that it produced. He stated that 
considerable evidence existed for placing P. napohrassicae in the 
species jP. lingam.. 

In 1905 Kirk (7) observed a dry rot of rutabaga in New Zealand 
and identified the causal organism as Phoma napobrassicae Rostrup. 
Cunningham (2) studied the growth rate, type, and pathogenicity 
of about 400 isolates from seed and other plant parts of rutabaga 
affected with dry rot. On the basis of growth rate and pathogenicity 
to nongrowing rutabaga roots he divided the isolates into 2 groups. 
Group 1 contained fast-growing, nonstaling forms which were weakly 
pathogenic; group 2 contained slow-growing, staling forms which were 
stronj^y patliogenic. Cunningham also studied cultures of Phoma 
obtained from cruciferous plants in Wisconsin, the Netherlands, and 
Africa and concluded that the dry rot in New Zealand, England, and 
continental Europe was (caused by the same organism as blackleg of 
cabbage in the United States. He suggested P, Imgam (Tode) Desm. 
as the correct binomial for the pathogen. 

Cunningham^s study of seed transmission of dry rot stimulated a 
reinvestigation of the disease in England and Ireland, since most of the 
seed planted in New Zealand was imported from those countries. In 
1933 Hughes (^) essentially confirmed Cimningham^s findings of 
strain-group relations as far as growth rate was concerned, but he was 
not able to confirm his separations on the basis of pathogenicity. He 
suggested the existence of one strain of Phoma lingam. that occurred 
primarily on rutabaga in Europe and New Zealand and of another that 
was associated with cabbage and various other crucifers, but not with 
rutabaga. Hughes presented limited evidence to support this idea. 
He concluded further that the strain associated with rutabaga was 
identical with the American blackleg organism and that both belonged 
to the species P, lingam. 

In 1934 Buddin (J) reported the results of his reinvestigation of dry 
rot in England. He found that five of the seven representative 
isolates sent him by Cunningham did not conform to Phoma lingam 
and were weakly pathogenic. In fact, he identified some of them as 
belonging to other genera of fungi. He was able to show, how ever, by 
single-spore cultures that considerable variability existed within 
P. lingamy largely in rates of growth and amounts of staling. He 
interpreted his observations to mean that the isolates comprised a 
graded series rather than clear-cut groups. 

Grove (4, J, p. 70) reduced Rostrup^s species to varietal status as 
Phoma lingam napobrassicae (Rostr.) Grove. 

From this discussion it is evident that, according to the International 
Rules of Botanical Nomenclature, the cabbage blackleg organism 
would be cited as Phoma lingam (Fr.) Desm., since Tode is pre-Friesian. 

MATERIALS AND METHODS 

The sources of all cultures studied are given in table 1 . 

Single-spore cultures were obtained by pouring a very dilute conidial 
suspension from the mass cultures over the surface of water agar. 
After incubation for 24 to 36 hours the individual germinating spores 
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were lifted with a needle under a stereoscopic microscope and each was 
planted in a culture tube containing suitable medium. The following 
system of culture designations was used: A letter, a group of letters, 
or a word followed only by a number represented a monoconidial 
isolate from one of the original mass cultures listed in table 1 (for 
example, 'Wll and PS40). Sectors arising from such single-spore 
cultures were indi(*ated by placing after the designation of the single- 
spore culture the letter M and a number to indicate the order in which 
the sector arose. ^ Thus, WllMl was the first mycelial sector from 
Wl 1. Culture Wl 1M2M1 was the first mycelial sector of the second 
mycelial sector from ^11. The letters SS and a number following a 
culture designation signified single-spore transfers of the isolate in 
(juestion (for example, S2fiSSl). 

All spore measurements were made under an oil-immersion lens at 
900 magnifi(*ations. The spores were taken from a heavily sporulating 
(‘ulture on potato-dextrose agar and were mounted in glycerol jelW. 

All isolates that were studied (*ompara lively were grown on media 
from the same source. 


Tabu-: 1 — Snurrcs of all Phoma isolates shnliefl 


Culture' or (lisofiso 
dcsiiTimtiou 

Stub' of 01 itun 

Conti ibutor 

Host 

Koy to siiiKle-spore 

1 isolaU's 

Phnmn fni(/nm .. . . 

WlSCtlll'illl. 

J, (’ Walker . 

Cabbagi' . . 

Wl to W2()0. 

CabbHtJo blticklon-. .. 
1)0 

Iowa . . 

W. .] HooktM 

.do 

Iowa-1 to Iowa 30. 

Now Voik 

C. (Mtup|i 

11 JL Lai'^on. . .i 

. do 

NYI to N Y2K. 

Do 

\\ isconsin 

.. ..do 

W3()0 to W'550 

Phonui sp . 

OroKon 

WabhiuKton. .j 

I 11 VoKol 

.. . do 

81 to S50. 

Do 

(I IS Pound - -i 

Chiiu'st' cabliano-- 

F'SI to P8150. 

Do .. .. j 

...do i 

.. .do 1 

Cabbatro.. 

P82(K) 

J'o.. 

("ttliforiua 1 

K BakcT . j 

[ Swt'ot alyssuin.. 

I 

Cl to C26. 


EXPERIMENTAL RESULTS 

ISOLATION OF STRAINS 

From a mass culture of Phoma from a Chiiu'sc' cabbage plant in the 
Pugi't Sound 150 monoconidial isolates wm; established on 

jjolato-dextrose agar. As no variability was noted among tlu'se iso- 
lates, one, PS40, was selected for further study. A second monoconid- 
ial cultun', PS200, obtaiiu'd from a mass culture from a cabbage plant 
inh'cted by Phoma in the Puget Sound section was also studied in some 
(letail since it differed slightly from PS40. A third culture, Cl, of this 
group, whicli differed only sli{?htly from both PS40 and PS2()0, was 
sent to the writer from California by Keimeth Baker. It was originally 
isolated from a seed field of Lohularia maritima (L.) Desv. 

Two hundred monoconidial isolates were established from a culture 
of Phoma lingam received from J. C. Walker, of the University of 
Wisconsin. These were dt'signated as Wl to W200. From tnese 
isolates 2 distinct culture types weri' obtained on potato-dextrose 
agar. Six (represented herein by W43) of the 200 isolates were fast- 
growing cultures which produced an abundam^e of aerial mycelium 
and relatively few pycnidia. The remaining cultures (represented 
herein by Wll) were all very slow in growth rate and produced an 
abundance of pycnidia, but very little aerial mycelium. 
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In February 1944 I. H. Vogel, of the Associated Seed Growers, Inc., 
gave the wi'iter a leaf with a single Phoma lesion, suspeet(»d to be black- 
leg, from a cabbage plant growing at Salem, Oreg. Fifty monoconid- 
ial isolates (designated Si to Sr)()) were made from the original culture 
obtained from the lesion. Three distinct culture types were found 
among these monoconidial isolates. One type (represented by Si) 
was very similar to the slow-growing type obtained from the Wiscon- 
sin culture. A second type (represented by Sli9) differed from the 
Si type only in the production of small, black, sclcrotiumlike bodies 
on the potato-dextrose agar. The third type (represented by S26) 
was a fast-growing culture, which differed from the fast -growing iso- 
lates of the Wisconsin culture in that it produced fewer pycnidia and 
a greenish-black pigment in the mycelium. 

Cultures obtain'd from blackleg material supplied from Iowa and 
New York were alik(' and practically identical with the fast-growing 
isolates obtained from th(‘ Wisconsin culture. Alono(*onidial isolates 
lowa-ll and NYl were select.(Hl to represent the cultures from Iowa 
and New Yoi-k, respectively. From (‘abbage blackleg material 
received from Wisconsin in 1945, 250 single-s))ore isolates were estab- 
lished. All of these isolat('s (W30() to W550) were essentially alike 
and practically identical with the cultures from Nc'w York and Iowa 
and with the fast-growing isolates obtained from the pj’C'vious culture 
from Wisconsin. Thus, the following arbitrary groups and subgroups 
of Phoma ^ according to their characteristics on potato-dextrose* agar, 
were obtained from cultures isolated from cruciferous plants. 

Group 1: 

A. Slow-growing isolates of ^Visconsin culture. (Wll.) 

B. Slow-growing isolates of Oregon culture that produced ik) sclerotium- 

like bodies. (Si.) 

(^. Slow^-growing isolates of Oregon culture that produced sclerotiumlike 
bodies. (S39.) 

Group 2: 

A. Fast -growing isolates of Wisconsin cultures, as well as cultures from 

Iowa and N(!W York. fW43, \Y1, Iowa -11. and W307.) 

B. Fast -growing isolates of Oregon culture. fS2h.) 

Group 3: Puget Sound isolates and the isolate from ('alifornia. (PS40, PS200, 

and Cl,) 

CULTURAL CHARACTERS OF STRAINS 
Growth Type 

Examination of table 2 will reveal that, tin* various re])resentative 
isolates had distinct cultural characters. Isolates PS40, PS200, and 
Cl were distinct from all others in the production of a yellow to 
brown, water-soluble pigment in the medium. Mycelial growth was 
much coarser than that of other isolates, and a yellow to tannish-brown 
pigmentation of mycelium was very distinct. Sporulation was mod- 
erate. The pycnidia of PS40 and Cl usually occuirred in clusters, but 
occasionally diweloped singly. 

Isolates W43, NYl, Iowa~ll, and W307 showed only minor differ- 
ences in type of growth. All produced an abundance of white to grav 
or grayish-brown aerial mycelium which ultimately became grayish 
black. No staling occurred at room temperatm'e. Sporulation was 
slight and pycnidia developed singly. 
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Isolate S26 was similar in many respects to NYl and Iowa-11, but 
it was distinct on potato-dextrose agar in the production of a mycelium 
that had a powdery sheen and later developed a (dmraeteristic green- 
ish-black pigmentation from the center of the colony out. Sporulation 
was very slight; pycnidia developed singly and were irregularly 
scattcu'cd over the agar surface. 

Table 2. — Chararterinttrs of representative Phoma isolates grown on rnall^extractt 
oatmeal, and potato-dextrose agars for 6* weeks at room temperature 


Isolate 


Malt-<'xtract a^ar 


Oalnieal anar 


I’otato-doxtros(' apar 


Wll 


S3‘L 


^ 26 , 


Growth slow, stalinp ulti- 
mately complete, mat out- 
line very irrepular with 
dendritic pattern during 
first 2 weeks, becoming 
rather regular later, but 
always less circular than 
those of other isolates. 
Aerial mycelium fairlv 
abundant , white at pertph- 
<‘ry of mat, greenish black 
at wnt(‘r. Pycnulia very 
abundant, small, black 
Black nigrnent beneath 
inycelial mat with age. 

Grov\th .sUnv, staling ulti- 
niat(‘lv complete, mat out- 
line always very regiilsu* 
Aerial mycelium scant but 
more tliati on othei agats. 
i’yenidla very abundant, 
scattered evenly ovei sur- 
face, small, black Zona- 
tioii distinct ^^ith daik 
cent<‘r, grayish-brown 
midzone, and white im»- 
ripher.v DilTering from 
Wll cliieflv In conspicu- 
ous donation and regu- 
lant> of mat outline. 

Almost same as SI exct'pt for 
more conspicuous /.ona* 
lion. 


Growth nnxlerntely fast 
(much slower than on 
potato-dextrose agar); 
.staling very little, mat 
outline very regulai. 
Aerial mycelium abun- 
dant, cottony, elevated in 
wmter, later becoming 
dirty white, tending some- 
what to collapsi* and foi m 
conwntric rings l*ycnid- 
la scant, covered by niy- 
ct'lmm. Black pigment 
doveloiiing beneath fun- 
gus mat from center out. 


Giowth moflerately fast; 
staling slight, mat out- 
line regular Aerial my- 
tvliuni scant (much less 
than on malt-extraet agar), 
grayish white, in some- 
v\ hat conwntric rings, giv- 
ing a zonate aiipearancc^. 
Pvenidia very abundant, 
sealteied evenly over sur- 
faee, .‘^inall, black. Slight 
black pignuuit beneath 
mycelial mat with age. 


Gro\Mh moderately fast, 
staling slight, mat outline 
veiy legulur A dial my- 
cvliurn very seant T’ye- 
nidia very abundunl , seat- 
tered evenly over surfud' 
at first, but in eoncsmti le 
nags laiei , small, black. 


Growth moderately fast; 
staling .slight, mat outline 
legular. Aerial myadium 
scant ryenidia very 
abundant, very conspicu- 
ously, concimtiically zoii- 
ate (very dilTenuit from 
W 1 1 and SI). Resimi bl in g 
SI m other n*spects 


Growth very fast; staling 
none, mat outline regular. 

Aerial myeidmm moder- 
ately abundant, white at 
flr.st, but becoming yellow- 
ish white, den.s<‘ in eiuiter 
pioducing a buirs-(*ye 
effect. ]*yciiidla very 
scarce. Slight pinki.sh pig- 
ment developing in center. 


Growth fairly slow; staling 
moderate; mat outline 
regular to very irregular, 
often with dendritic pat- 
tern Aerial rnywlium 
scant, grayish white; sub- 
merged mycelium milky 
white. Pycnidia very 
abundant, .scattered evenly 
over surface and sub- 
merged, small, t)lack. 
Slight black pigment be- 
neath mycelial mat with 
age. 

Giowth moderately fa.st at 
first ; staling complete after 
3 weeks (ultimately dis- 
tinctly more tliaii that of 
Wll); mat outline very 
regular. Aerial myctdium 
\ery seant Pycnidia 
abundant, scattered evenly 
over surface and sub- 
meiged, small, black. 
Slight zonation of alter- 
nating light and dark areas 
\ery pronounw^d, black 
pigment beneath mycelial 
mat, very different from 
that of Wll w ith age. 

Growth moderat<*ly fa.st at 
first, staling complete with 
ago; mat ontUnc veiy 
feathery Pycnidia seant. 
Sclerotiumlikc bodies scat- 
tered over surface, but 
piling up in (vntcr, about 
(' 5 mm. in diameter, black. 
Differing from growth of 
S3t) on other agars and 
differing distinctly from all 
other isolates in production 
of sclerotiumlike bodies. 
Pigment beneath mycelial 
mat very pronounced, 
black with age. 

Growth very fa.st; staling 
very little; mat outline 
very regular. Aerial myce- 
lium moderately abundant, 
coarse, powdery white at 
first, becoming greenish 
black from center out until 
wdiolc mat involved. Pyc- 
nidia scant, relatively large 
Differing from other iso- 
lates In greenish -black pig- 
ment and powdery sheen of 
mycelium. 
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Table 2. — Characteristics of representative Phoma isolates grown on nialUextraciy 
oatmeaf and potato-dextrose agars for 6‘ weeks at room temperature — Con. 


Isolate 


Malt-extraet agar 


Oatmeal agar 


Potato-dextrose agar 


Iowa- 11 


Growth moderately fast, 
staling none, mat outline 
veiy regular. Aerial my- 
et'liuin abundant , elevat(‘<i 
in center, white. Pyc- 
nidia scant Black pig- 
ment develojjing beneath 
mycelial mat. Restmiblmg 


Growth very fast; staling 
none, mat outline regular. 
Aerial myci‘lium moder- 
ately abundant (much 
less than on mnlt-e\tiact 
agar). Pycnidia scant. 
Pigment developing slow- 
ly lieneath mycelial mat, 
black. 


NYl 


W4:i 


Same as Iowa- 11 except for 
much flattei mat centei. 


Almost same as lowa-ll; 
n*s(*mbling NVl excs’pt 
foi elevated center like 
that of lowa-ll 


Same as Town- 1 1 o\cepl for 
l<\ss abundant inyctdial 
giovvth and gi eater zona- 
tion w'ith alleinute lings of 
gray and tan-wdiite m>(*t>- 
lium. 

Almost Slime as low a-11 


W307 


Not studied. 


Not St mi led. 


PSK). 


Orow’th mcxleiately fast, 
staling none, mat outline 
very regular. Aerial my- 
celium very abundant, 
very coarse, white at first, 
but rapidly turning yel- 
low to tan to brown fiom 
('enter out and remaining 
much darker at center. 
P>(aiidia scant to model - 
ately abundant. Yellow' 
to blown pigment diffused 
thioughout agar. 


Growth very fast, staling 
none, mat outline very 
legular. Aerial myccdium 
very abundant, coarsi', 
yellow biow'ii Pycnidia 
model ately abund int, usu- 
ally in clusteis ral her than 
(‘venly scatti'red ovm* siii- 
faiH*. Gonsjncuous pig- 
ment developing lino ugh 
out, pink at first, becom- 
ing yellow' ish biovvn 


PS2f)0. 


Same as except foi 

noticeably lightei ci'iib'r 
of mot and finer myci'lium. 


Not studied. 


Cl 


Not studied 


do. 


Growth very fast; staling 
none, mat outline very regu- 
lar. Aerial mycM'lium mod- 
erately abundant, white to 
gray. I'ycnidia at (H'nter 
scant, large; pycnidia lati'r 
scattered throughout, 
small. Black pigiiK'iit 
devt'loping beneath myce- 
lial mat; agai occasionally 
pinkish. Differing from 
vVll and wSi in typi' of 
growth and amount of 
sporulation; resembling 82(1 
in many resfiects 
Same as lowa-ll except for 
bi'ing zonate at the fx'riph- 
(‘ry of mat 


Almost same as Iowa 11 and 
NYl ex(*ept for dense 
greenish-black ingment u- 
tion of central zone, which 
br'coines studded w ith 
pycnidia more quickly than 
Iowa 11 and NYl 

Very .similar to lowa-ll, 
(liffeiing rn that myct'lium 
is grayish biow'ii and 
sometimes sulfur yellow 
in central zone 

Growth very fast, staling 
none; mat outline regular 
Aeiial myirlium abun- 
dant, very coarse, white 
at fiist, but changing to 
yellow to yellow’ish lirown, 
lieeoniing much darker in 
cent(‘r and producing a 
bull’s-eye (*ffect. Pycnid- 
la likr' those devt'lojied 
on oatmeal agar, also 
strictly aerial pycnidia in 
old cultures, abundant, 
black. Yellow pigment 
diffu.s(’d tliroughout agar. 

Same as P840 except for 
aerial mycelium, w'hite at 
(list and becoming less 
brown and more zonate, 
and pycnidia more abim- 
dant and in concentric 
zones. 

Vciy similar to P82(K). cot- 
tony white mycelium, 
liecoming m o r grayish 
brown than tannish brown. 
Pycnidia clustered in con- 
sfiicuous zonate rlng.s. 


Isolate Wll was distinct from all others, but it was closest to Si. 
On potato-dextrose agar it produced very little aerial mycelium, but 
rather a milky-white submerged growth. Jts growth outline was 
mostly irregular and often assumed a markedly dendritic pattern. 
Sporulation was much more profuse than that of the fast-growing 
cultures. Pycnidia were closely arranged with no semblance of con- 
centric zonation. Ultimately cultures became staled and dark. The 
growth outline of isolate SI was regular in contrast to the dendritic 
pattern often produced by Wll, and a greater tendency for zonation 
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existed; ultimately staling was more pronounced and cultures assumed 
a distinctly blacker appearance. 

Isolate S39 differed from Si on potato-dextrose agar in the pro- 
duction of numerous black sclerotiumlike bodies (about 0.5 mm. in 
diameter) instead of small pycnidia. Pycnidia later developed in 
these sclerotiumlike bodies, and spore masses were discharged. 
Spore production, however, was much less than that of Si. A few 
small pycnidia like those of Si were occasionally produced along with 
the sclerotiiunlike bodies. On malt-extract and oatmeal agars, how- 
ever, these sclerotiumlike bodies were not produced; instead, a pro- 
fuse development of small, black pycnidia occurred and the growth 
of isolate S39 was practically identical with that of Si. 

The cultural characteristics of representative isolates at room 
temperature are shown in figure 1. 

Growth type at 30® C. was different from that at room temperatiu'e 
for most of the isolates studied. Isolate PS40 produced a much 
more intense pigmentation of agar, the pigment ultimately becom- 
ing plum red. The mycelium was coarser and much darker than at 
room temperature. Isolates Iowa-11 and NYl produced white to 
grayish-white mycelial mats with less mycelium and almost none of 
the pigmentation found at room temperature. Isolate S26 produced 
an elevated mycelial mat with considerable grayish-black aerial 
mycelium and a hard stromalike growth beneath the mat at 30°. 
Both Wl 1 and SI were regular in outline at 30° and produced a raised 
growth with considerable aerial mycelium, gi-ay in Wll and grayish 
black in Si. A hard stromalike growth developed beneath the mat, 
and pytuiidia were fewer than at room temperature. 

Growth Rate 

Tables 3 and 4 show that isolates Wll, Si, and S39 were very 
similar in growth rate at room temperature but that minor differences 
occurred. Staling of Si was more pronounced and its ultimate 
gjowth was less than that of Wll. Regardless of the type of medium 
used Wll, Si, and S39 always grew slowly and eventually staled. 
Frequently fan-shaped growth developed from portions of a staled 
culture, giving it a very irregular outline. These areas of new growth 
were often numerous enough to coalesce and the result was a con- 
siderable increase in gi'owth diameter. Isolates S26, W43, NYl, 
lowa-11, and PS40 were all very similar in growth rate, and staling 
rarely occurred at room temperature. The growth outline was 
always regular, regardless of type of medium used. Isolate W43 
showed a considerably slower CTOwth on rutabaga-dextrose agar than 
did others of this group. Isolates Cl and W307 were not included 
in these comparative tests. 

In table 5 comparative growth rates at room temperature and 30° C. 
for some of the isolates are given. At 30° isolates Wll and Si were 
very similar, both being much more severely staled than at room 
temperature. S26, a fast grower at room temperature, was severely 
staled at 30° and ultimately its growth was no greater than that of 
Si. Isolates NYl and Iowa-11 showed no appreciable difference 
in growth at the two temperatures until after 8 to 10 days, when 
growth at the high temperature became less than at room temper- 
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Figure 1. — Representative 2-week-old cultures of Phonui on potato-dextrose 
agar at room temperature: -4, Iowa~ll; B, PS40; C. W43; /), S26; E, SI; F, 
Wll; G, S39. 
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ature. Isolate NYl was staled more than Iowa-11 ; it was ultimately 
completely staled. Growth of both isolates at 30® fell considerably 
short of that at room temperatures Isolate PS40 had approximately 
the same growth rates at the two temperatures. 

Table 3. — Growth rates of representative Phorna isolates in ^-^ounce bottles^ at room 
temperature j on malt-extract and potato-dextrose agars 


[Each value is an average from 3 single-spore cultures] 





Growth in indicated jierlod (days 

) 




4 

7 

1 

11 

13 

15 

18 

20 

n 

) 

Malt-i'xtract agar: 

Miin- 

MtUU 

Milli- 

MiUi’ 

Milli- 

Milli- 

Milli- 

MiUi- 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

WlL.. . 

2 

7 

10 

12 

15 

22 

26 


73 

SI. . 

2 

7 

12 

14 

18 

26 

29 


71 

839. 

2 

7 

12 

14 

19 

25 

30 


69 

S2d 

3 

8 

18 

24 

31 

37 

43 


101 

W43 . 

4 

11 

20 

27 

39 

48 

55 

0 

) 

NYl 

4 

12 

24 

37 

47 

57 

65 

(!' 

) 

lowa-ll , . . 

4 

14 

26 

38 

47 

67 

64 

(>: 

) 

1\S40 . 

5 

18 

27 

37 

49 

56 

63 

(•: 

1 

I'otato-dcxtrosc agar 

Wll.. 

2 

9 

30 

40 

52 

1 

59 

66 

92 

81 

1 2 

14 

32 

38 

45 

; 51 

53 


60 

H39 

2 

11 

32 

39 

49 

56 

63 


76 

S2fi , 

6 

28 

50 

65 

75 

87 

93 

(K 


W*43 


28 

4K 

61 

81 

88 

(0 



NYl 


33 

58 

74 

88 

(') 

0) 

1 



Iowa- 11 

8 

32 

58 

73 

88 




1\S4() 

1 11 

1 

35 

57 

i 

73 

84 

(*) 

(») 

(’! 



» Growth had filled bottle and was beyond measurement. 


Tabi.k 4. — Growth rotes of representative Phorna isolates in 6-ounce bottles f at room 
temperature^ on rutabaga-dextrose agar 

[Each valu<‘ is an average from 3 cultures inoculated with 3-mm agar disks from 10-day -old cultures] 


Growth in indicated iHTiod (days) 


isuiaic — 









■ 

1 

3 

5 


9 

11 

13 

16 

17 

21 

Milh- 

Mtlh- 

Milh- 

MilU- 

Milli- 

Mxlli- 

Mini- 

Milli- 

Milli- 

Milli- 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

IVll 5 

10 

16 

25 

34 

37 

42 

47 

51 

67 

81 .... . 5 

14 

22 

29 

36 

38 

41 

43 I 

44 

60 

839 7 

18 

28 

36 

40 

42 

43 

45 

46 

47 

826 - 8 

21 

33 

45 

60 

73 

81 

88 

97 

(n 

W43.- . 5 

11 

22 

35 

47 

54 

58 

6:1 

69 

76 

NYl 7 

20 

33 

48 

6,5 

79 

89 

102 


0) 

Iowa-11.. - 8 

22 

35 

49 

65 

81 

92 

104 

h 

(0 

P840 7 

19 

31 

45 

60 

74 

83 

95 

(») 

(») 

PS200 6 

19 

31 

44 

60 

75 

87 

99 

(') 

(0 


‘ Growth had filled bottle and was beyond measurement. 


STABILITY OP STRAINS 

Numerous mycelial transfers and single-spore subcultures were 
made of the isolates being studied. Several saltant strains were 
isolated from the single-spore cultures. These saltant strains were 
just as stable through successive transfers as the parent strains. 
Mutants arising as mycelial sectors occurred most frequently in cul- 
tures subject to staling. This was especially true of isolates Wll 

750541—47 2 
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Table p,-^Growth rates of representative Phoma isolates in 6-ounce hottles^ at room 
temperature and 30^ C., on potato-dextrose agar 


[Each value Is an average of 8 hypha-tip cultures of each inoiioconldial isolate] 


Isolate 

Temperature 

r 0.) 



Growth in Indicated period (days) 



0 

8 

10 

12 

14 

16 

18 

22 

27 

33 

51 

Wll 

/Room 



MilU- 

mrters 

6 

Mini- 

mtten 

16 

MiUi’ 

mtters 

28 

meien 

30 

Mini- 

meters 

51 

Millie 

meters 

61 

MUli- 

meters 

60 

Man- 

meters 

85 

MiZ/i- 

meters 

97 

Milli- 

meters 

104 

MiUi- 

meters 

0) 

4 

8 

10 

13 

16 

10 

21 

25 

27 

30 

34 

SI 

/Room 

10 

22 

31 

30 

44 

50 

54 

63 

72 

79 

0) 

130® 

3 

6 

8 

10 

14 

10 

23 

27 

31 

35 

41 

S26.._ 

/Room 

22 

30 

53 

67 

82 

06 

(0 

(0 

(') 

(«) 

0) 

\30° 

fi 

7 

8 

10 

13 

16 

18 

21 

24 

20 

30 

NYl 

/Room 

23 

30 

53 

66 

80 

01 

08 

(0 

(0 

(') 

(0 

\30° 

24 

30 

46 

50 

53 

54 

57 

60 

65 

68 

77 

Iowa-11 

/Room 

2fi 

42 

57 

71 

84 

07 

(') 

(>) 

(') 

(0 

(») 

130® 

27 

46 

58 

67 

74 

77 

80 

83 

87 

04 

(0 

PS40 

/Room 

\30® 

25 

40 

52 

65 

80 

03 

(>) 

(•) 

(') 

(') 

(•) 

30 

48 

62 

73 

87 

07 

(') 

(•) 

(') 

(0 

(0 


> Growth had filled bottle and was b(‘yond measurement. 


and Si growing at 30° C. Practically always the saltants grow faster 
than the parent strains. Growth characters on potato-dextrose agar 
of some of the saltant strains are as follows: 


WllMl, — Fast-growing, white sector that arose at 30® C. Outline of mycelial 
mat regular but feathery; aerial mycelium abundant, white, with conspicuous 
cottony balls; pigment beneath mat slight, pinkish; at room temperature sporula- 
tion moderate and pycnidia very large, angular, and compound. 

WllM^. — Fast -growing sector that arose at 30° C. At room temperature 
outline of mycelial mat regular; pycnidia abundant, small, black; growth resem- 
bling that of Wll. At 30° growth faster; pycnidia moderately abundant, small, 
black; pigment beneath mat greenish black; growth very different from that of 
Wll. 

Wll MS, — Fast-growing, white sector that arose at room temperature. My- 
celium white, mostly submerged; pycnidia abundant , small, with thin, light-colored 
walls; spore discharge heavy, giving entire .surface a bright-pink color; distinctly 
different from other isolates. 

W11M4- — Fast-growing, white sector that arose at 30° C, Pycnidia scant, 
small, black; differing from WllMl in almost complete absence of sporulation 
at room temperature. 

WSSM3. — Fast-growing, white sector that arose from W33, a sister culture 
identical with Wll, at room temperature; almost identical with W43 and lowa-ll . 

W33M3. — Yellow-tan sector that arose at room temperature. Mycelium al- 
most entirely submerged; pycnidia none; sclerotiumlike bodies yellow, 0.25 to 
0.5 mm. in diameter; medium pigment yellow. 

W33M5. — Fast-growing, white sector that arose at room temperature; identical 
with W33M2. 


Si ML — Fast-growing sector that arose from staled culture at room tempera- 
ture ; identical with S26. 

SI Ml ML — Fa.st-growing, fleshlike, white sector. Mycelial mat dense, white, 
ultimately pinkish; sporulation and pigmentation slight. Growth of this type 
in many S cultures, often overrunning cultures that were untouched for several 
months. 

Si M3, — Fast-growing, white sector that arose in staled culture at 30° C. 
Growth rates same at 30° and room temperature ; aerial mycelium pinkish white ; 
sporulation none; with age very similar to SI Ml Ml. 

SIM 4, — Fast-Bowing, white sector that arose at 30° C. Mycelium with 
cottony balls like that of WllMl; pycnidia very large, compound, like those of 
WllMl; very distinct from all other S cultures. 

S39M1 , — Sector that arose in staled culture at 30° C.; mycelium abundant ; 
pycnidia none. 
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--Fast-growing, white sector that arose in staled culture at 30° C.; 
mycelial pigment yellow green. 

S26SS1 . — One of 10 single-spore transfers; identical with SI. 

SaMl . — Sector that arose as a floshlikc, white growth in SO, a sister ctilture 
identical with SI, at room temperature; identical with S1M3. 

S6M1M1 , — Sector that arose at room temperature; identical with S20. 

lowa-1 IMl . — Sector that arose at room temperature; mycelium abundant; 
pycnidia none; pigment none. 

lowa~] ISiSl.— Ouo. of 10 single-spore transfers, indistinguishable from Wll 
at room temperature, but with 3 times as much growth at, 30° C. 

Other saltations that occurred are not listt'd here. Tlie fleshlike? 
types were n'coYvrod particularly from the S isolates. Of the orig- 
inal 200 single-spore' isolates of the W series more than (50 (hanged 
from the slow-growing, small-pycnidiate type to the fast-growing, 
larg('-])ycnidiate Iowa~ll type (luring a 7-month incubation in test 
tubes without transfeu*. ()ne changed until it was identical with 
1 was ideuitical with W33M3: 2 weu-e identical with WllM4; 
and otheTs showed inkTinediate rat('s of growth and degrees of spor- 
ulation. V(Ty similai* change's oecurred in the S serie's during the 7- 
inonth perioel; many of the Si type change'el to fasten growing forms. 
One re'covereel was i(lenti(‘al with Si M3; 1 was identical with SlM4; 
and seveu’al were of the S2() type. These data seem to indicate that 
slow-growing forms freejuently change to fast-growing type's when 
(*onditie)ns for growth are unfavorable. During the 7 months without 
transfer the* culture's had drie'd down considerably. 

It may be noted that some* of the* difb're'nt groups set up on page 
116 have bee'U found to la* link('d together by saltation. Thus, the 
fast-gj*owing type of group 2 A was (le*riv(*d from the* slow-growing 
type of group 1 A in \V33M2 and \V33Mr). Similaily, group 2 B 
was d('riv(*d from grouj) 1 B in Si Ml and SGMlMl. Also group 
1 A was (le'Hved from group 2 A in lowa-l iSSl, and group 1 B was 
d('riv(*d from group 2 B in S26SS1. In addition, se*v('ral distinct 
forms such as WllMl, WHM3, wS39Ml, and Iowa-1 iMl were 
isolated. 

No se*ctoring was (*vei* obse'rved in isolate PS40. 

MORPHOLOGY OF STRAINS 

In table* 6 are* given the sizes of conidia of various representative 
isolat(*s. It can be* s(*('n that there was re*latively little difference in 
the widths but tliat difterences did occur in lengths. The isolates 
obtained from the East (Wll, lowa-11, and NYl) did not differ 
much in s])ore size; nor did the isolate's of the S se'ries (Si, 826, and 
S39). However, conidia of the S group w(*re noticeably shortei 
than those of the (*astern group. Conidia of isolate PS40 were still 
shorter, but their lengths were iK'arer those of the S isolates. The 
close agrc'ement of the sizes of the (?onidia of the S isolates might 
suggest their origin to b(* somewhat removed from that of the isolates 
from the East. 

The sizes and the types of the pycnidia are given in table 7. The 
isolates were not grouped for py(?nidial size as they were for spore 
size. A great div('rsity of pycnidial size and shape occurred among 
the isolates. Although pycnidia of a single isolate varied consid(*r- 
ably in size and shape, they were regular enough to be characteristic; 
Wll and Si always pro(luc(Hl small pycnidia, and Iowa-11 and NYl 
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always produced large ones. When a slow-growing, small-pycnidiate 
form gave rise to a fast-growing type, there was a corresponding 
change in the size of the pycnidia (for example, W33M2, W33M5, 
and SlMl). 


Table 6. — Measuremertts of conidia of representative Phoma isolates grown for 2 
weeks on potato-dextrose agar 

IMeasuroinoiits of 100 sporos except as indicated] 


Isnlate 


Width 



Length 


Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Wil « 

1 09 

M 

2 50 

M 

LOS 

/* 

4 34 

V 

5 83 

M 

3. 25 

lowa-ll * 

1 07 

2 OS 

1 OS 

4 39 

5.83 

3 33 

NY12 

1 73 

2 33 

1 17 

4 41 

5 83 

3 33 

SI 

1 60 

2 OK 

1 25 

4 08 

5 50 

3 35 

S39 

1 02 

2 33 

1 00 

4 07 

5 87 

3 25 

m 

1 00 

2 50 

1 25 

4 09 

5 91 

3.17 

PS40— 

1 02 

2.08 

1 25 

1 3 97 

5.80 

3 OS 


* 150 spores measured. 
2 50 spores measured. 


Table 7. — Sizes and types of pycnidia of various Phoma isolates and their snltanis 
grown on potato-dextrose agar at room temperature 

[Measurements and observations on 100 pycnidia of each isi>lat(*] 


Isolate 

Average 

width 

Description of pycnidia! tyiie 

Wll 

M 

179 

Size and shape rather regular (round to broadly (lask-shaped with broad base', 
slightly beaked and slightly papillate), usually simple, but sometimes com- 
pound, decidedly black; sjxire masses reaflily discharged. 

WllMl 

050 

Regular and roundish at first, but becoming irregular and angular with 
numerous fingerlike protuberanc(‘s thought to be small pycnidia, sponvs not 
readily discharged, but large masses ndeased by crushing. 

W11M3 . . 

150 

Shap(' very similar to that of Wl I, but size notic(»ably smaller and wall color 
noticeably lighter, pycnidia made pinkish by .sjiore masses even before dis- 

Sl..._ 

139 

charge, siKire masses discharged profu.sely. 

Size and shaiie similar to thosi* of Wll except smaller and slightly more flask- 
shaped. 

aiM4 

744 

Tndi.stingui.shable from WllMl. 

S26 

230 

Size rathiT irn'gular (some flask-shaped like those of Si; others roundish 
like those of lowa-ll), lighU‘r colored than those of Si, sport* discharge slight. 

S39 

033 

Sclcrotiumlike bodies large, roundish, smooth, hartl, black, with slight spore 
discharge at different iioiuts. probably intlicating jiresence of pycnidia that 
developed peripherally in them 

Iowa>ll .. . . 

385 

Size and shape in general rather regular (large, roundish), occasionally beaked, 
irregular, and compound; lighter in color and more papillate than tho.se of 
Wll; spore masses readily discharged. 

W43 

332 

Almost same as lowa-ll. 

vm) 

340 

Size and shapt? very irregular (some \ery small, flask-shaped like those of 
Wll others large, round like those of lowa-ll, distinctly beaked), many 
simple, others comix>und; black. 


PATHOGENICITY OF STRAINS 

Numerous tests were made to determine the pathogenicity of repre- 
sentative isolates and their saltants. One method of inoculation was 
to soak seeds of the host species being tested in a spore suspension for 
48 hours before planting. Within 2 weeks the emerged seedlings 
developed cotyledonary lesions and severe damping-off. Isolates 
PS40, PS200, and Cl were easily distinguishable from all others by 
this method. The cotyledonary lesions caused by these isolates 
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appeared 3 to 5 days earlier than those caused by other isolates and 
were of a distinctly different type; usually they were marginal and 
chocolate brown from the beginning and enlarged slowly; the pycnidia 
produced on the lesions were few, relatively large, and more Wwn 
than black. Cotyledonary lesions produced by all other isolates 
wore almost identical and appeared as shrunken, dark-green areas, 
which rapidly enlarged and became thickly studded with pycnidia 
before the lesion surfaces became dark. Results obtained on radish 
{Raphanus sativus L.), Chinese cabbage, cabbage, turnip, rutabaga, 
kale (Brassica oleracea var. acephala DC.), and brussels sprouts 
(B, oleracea var. gemm\fera Zenker) in one such test are given in 
table 8. It is apparent that isolates SI, S39, and S26 were generally 
less virulent than the others. 


Table 8. — Results of inoculating seeds of various cultivated crucifers with repre^ 

sentaiive isolates of Phoma 


Approximate portion of seedlings of indicated species killed 


Isolate 

Uadish 

('hinosi' 

cabbage 

Cabbage 

Turnip 

Rutabaga 

Kale 

Brussels 

sprouts 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Wll 

40 

80 

80 

00 

100 

100 

100 

81 

40 

40 

00 

40 

100 

00 

40 

83» 

20 

40 

40 

20 

00 

(H) 

40 

S20 

20 

20 

20 

20 

40 

40 

40 

NYl 

HO 

100 

100 

40 

100 

100 

80 

W43 

00 

80 

HO 

(H) 

100 

100 

KH) 

rs40 

80 

KKJ 

1(H) 

40 

(M) 

100 

100 


Inoculations of okhu* plants were made by spraying the leaf surfaces 
with spore susptuisions and by sponging leaves previously sprinkled 
with powd(‘red carborundum with a ball of absorbent cotton dipped 
in a spore suspension. Th(» carborundum removed some of the bloom 
and thus increased the wetting of the leavt^s. Stem inoculations were 
made by dipping roots of small seedlings in a spore suspension before 
transplanting? and by pouring spore and mycelial suspensions on the 
surfaces of soil in which plants were growing, with and without wound- 
ing the stems. In table 9 are given the results obtained with large 
plants of cauliflower {Brassica oleracea var. botrytis L.), broccoli 
(R. oleracea var. botrytw L.), rape {B, napus L.), and other species. 

On leaves of brussels sprouts isolates Si, S26, S39, and PS40 pro- 
duced very similar effects. Black necrotic flecks surrounded by a 
conspicuous chlorotic halo developed at the infection sites. These 
flecks enlarged very slowly and rarely exceeded 5 mm. in diameter, 
but occasionally tliey developed into extensive^ necrotic areas, Sporu- 
lation was slight. Isolates Wll, Iowa-11, W43, and NYl produced 
much more extensive necrosis than the other group, causing complete 
blighting of the leaves. Lesions did not develop the conspicuous 
hah) produced by the other strains. Sporulation was slight. On 
stems of brussels sprouts the isolates differed from each other only 
in virulence and in degree of sporulation. All produced lesioM 
typical of blackleg, but none was as virulent as on cabbage or cauli- 
flower. 
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Table 9,-^^Iiesult8 of inoculating leaves and stems of various cultivated crucifers 
with representative Phoma isolates and their saltants 

I 4 -, slight vinilona'*, ++, niodt*rat(», +-f+, severe, 4 *+++, vpiy WHTreJ 


Vimleiice of symptoms on host iu(iic*atod 


Isolate 

Cabbapo 

Bmss(‘ls 

sprouts 

Cauliflower 

Broccoli 

Tur- 

nip 

Ruta- 

baga 

Kale ! 
leavOsS 

Chinese 

eabbagp 

Rape 

leaves 


1 




1 

1 1 


leaves 

loaves 

leaves 


l.eavos 

Stems 

IjoavTs 

Stems 

Ix*aves 

Stems 







Wll... . .. 

++++ 

+4+4 

+4+4 

+4+ 

+4+ 

44+ 

+4+4 

4 

4+4+ 

+ 4 + 

+++-f 

4 + 

WllMl 

+4- 

++ 

4+ 

44 

44 

44+ 



4+ 



W11M2 . 

4f4 


+4 + 

+4 

4 4 + 

4+4 

4- f f 4 



+4+ 

4 



W11M3 -- - 


4 

4 

4 

4 

4+ : 





W11M4 . 

4-4 


+4 

+4+ 

+ 

44 

44-4 



4 



SI 

4+4 

4+4 


4+ 

4+ 

+4 

+ 4 

4+ 

4-4-4+ 

4 

-f+44 

4 + 

SlMl. 




4+ 

+4 

4-4 

44 



4 


SI M3 






4 






S1M4 . ... 




4+ 


+ 4 

‘+4 



■4 ■ 



K2() 

+4+ 

+4-f 

4+ 

+4 

4+ 

44 

4 

"44+ 

44+4 

4+ 

S2fiMl.. . 




44 








S39... . . 

+4+ 

+++' 

■■+4'' 

4+ 

4+ ■ 

4+ 


4 

4+44 


' f+ + 

■44‘ 

S39M1... . 




f 









Iowa-11... 

++++ 

4+44 

4+4+ 

+4+ 

+4+ 

+4+ 

4+44 


-f++4 

+4~+ 

4+4+ 

+ 4 

W43-- .... 

44+4 

4+44 

'4444 

+4+ 

1-4 4 

+ 44 

4+4+ 

4 

44-1-4 

+4+ 

+444 

+4 

NYl 

44+4 

4+4+ 

+4+4 

i+44 

4+4 

44 -b 

4+44 

4 

+4+4 

+4+ 

+4+4 

4f 

W307 . _ . 

+4+4 

+4+ 

44 4 

44+4 

+4+ 

rs4u 

4+4 

4+ 

+4 

_ 

1+44 

4+ 

4 4 

+ 4- 

' 

’+-f 

4+ 

■f4+ 


Cl 

+44 

•44 

+4+ 

4-j- 

4 + 

! + 

44 



On l(^ttV('S of cabbag(‘, cauliflower, and broccoli s3^niptoins pro- 
duced by PS40 w(»re distinct from all others except tliose prodiictnl 
by WIIM3, which the}^ closely resend)led. Numerous black necrotic 
flecks developed in 6 to 10 daj's. These* small lesions (‘idarged V(*iy 
little before the leaves became chlorotic and abscised. Sporulation 
was scant to none. Occasionally a few lesions enlarg(*d and developed 
light c(*nters and pycnidia as in nature. S(*V(*ral we(*ks were required 
to reach this stage*. If the* sport* load used was not very light, the^ 
leaves fell off be*fore this stage of development was rt*ache*tl. On 
(*abbage and cauliflower isolate Cl was identical with PS40. lsolate*s 
Wll, WllMl, WIIM2, NYl, lowa~ll, W43, anel W307 produceMl 
identical symptoms as circular le*sions which rapitlly t*nlarged, co- 
alesced, anel caused ct)mplete necrosis. Affected tissue cedlapseel as 
if killed by steam anel was e*ove*rf*d with pycnidia whiles still dark 
green. Eventually the h'sion surface»s became ashen gray. Isolates 
§1, S26, S39, SlMl, and SlM4 produeM*d similar symptoms but were 
generally less virulent than the eastern isolate\s. Jse)late Wl lM3 was 
very much less virulent than Wll and proeluced symptoms more like 
those of PS40. Typical symptoms produered on broccoli leave*s by 
isolates Wl 1, PS40, and Wl 1M3 are shown in figure 2. 

On the stems of large cabbage* plants (fig. 3) all the isolates tested 
produced l(*,sions typical of blackleg. Again PS40 and the* S isolates 
were less virulent than Wll, NYl, and lowa-ll. Isolates of the 
second group often killed the plants. 

On leaves of Chinese cabbage isolatf** PS40 was distinct from all 
others tested (fig. 4). Numerous black flecks appear(*xl 2 to 4 days 
before symptoms were produced by other isolates. These angular 
lesions developed very slowly and reached a diameter of not more 
than 3 to 5 nun. before the leaves became yellow and abscised. 
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C3UBE 2. — Symptoms produced on broccoli leaves by three Phoma isolates: A, Wll; B, PS40; C, W11M3. Note abundance of pycnidia 
on lesions produced by Wll and their absence on others. Note also the similarity of the lesions produced by PS40 and WlfM3. 



iGt7R£ 6 . — symptoms produced on stems ot large caDOage plants by various 
Phoma isolates: A, Iowa~ll; B, NYl; C, Wll; D, uninoculated; S26; F, 
S39; Gf SI; //, PS40. Note that the lesions produced by the eastern isolates 
(lowa-lL NYl, and Wll) are more severe than those produced by the western 
isolates (826, 839, 81, and P840). 




FifJi HE 1. ‘-Symptoms prodiiml on (’hinoso cabbage leaves by Phoma isolates: 
A, Iowa -11; and B, rS<40. Note abundance of pycnidia on lesions produced 
by lo\\a~n and the decking only produced by PS 40. 


Sponilatioii was scant. When a v(Ty light spore load was used, how- 
l(‘sioiis reach(‘d diameters of 10 to 20 mm., became brown, and 
were covenul with pycnidia. When tin* infections occurred on the 
fl(*sliy petiole, necrosis ofteMi (»xt(»nded to the h'af axil and l(*sions 
fornu'd on the stcuns. These' symptoms approximated those occurring 
in nature. Isolates Si, vS2(h S;t9, Wll, NYl, and Iowa-11 caused 
small fh'cks, whitdi rapidly ('iilarged and became covered with pycnidia 
befoH' ('xtensive lU'crosis was evident. There was little difference in 
th(‘ symptoms produced by tliese isolates. 

On turnip leaves all isolates produced only pin-point necrotic 
flecks. These lesions did not develop beyond the fleck stage, and no 
abscission resulted. No isolate sporulated on this host. On rutabaga, 
however, all isolates produced extensive infection and brown necrotic 
lesions up to 20 mm. in diameter. All isolates produced similar 
effects on this host, but PS40 and Cl were less virulent than the others. 

In the spring of 1945 rutabaga plants in midblooin were sprayed 
with spore suspensions of Si, §26, S39, Wll, NYl, Iowa-11, and 
PS40. At biweekly intervals during the remainder of the blossoming 
period the plants were watered with a hose nozzle to simulate rain- 
760541—47 - 3 
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storm conditions. At maturity the pods were examined and lesions 
tj^pical of those caused by Phoma lingam wore found on pods inoculated 
with all isolates (fig. 5). The lesions produced by isolate PS40 
differed from the others only in producing fewer pycnidia. Seed 
from infected pods was accidentally destroyed before a test for seed 
transmission could be made. 



Fku rk 5. — A, Healthy rutabaga seed pod. H-0 Lesions produced on rutabaga 
seed pods by various Phovia isolates: B, SI; C, S2(>; I), S39; E, Wll; F, X \ 1; 
G, PS40. Note similarity of the le.sions. 


Thus, ill the pathogenicity tests recorded isolat(‘s of the S stu-ies 
and PS4() were nearly always found to be less virulent than isolates 
Wll, NYl, and lowa-ll. Isolate WllM3, a saltant of Wll, was 
much less virulent than Wll and more like PS40 in the type of 
symptoms that it produced. 


DISCUSSION 

The disease caused by a Phoma species described in this paper has 
been observed to occur regularly in the seed-growing district of the 
Puget Sound section of Washington. Only traces have been found 
in cabbage fields, where it caused scattered leaf lesions and occasional 
stalk rots of seed plants. Topical blackleg of cabbage, however, has 
not been observed in this district. The same species of Phoma has 
also been observed to infect rutabaga, turnip, and Chinese cabbage 
seed plants in the Puget Sound section. On Chinese cabbage it has 
been more virulent than on other hosts. On this host lesions com- 
monly occur on leaf petioles from which they spread to the leaf axil, 
and stalk infections result. As flower heads emerge from leaf axils. 
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they become infected and severe blighting of florets results. Lesions 
on stalks at the ground level and above are common and cause stalks 
to break over. Sporulation on lesion surfaces is abundant. Lesions 
have not been found to occur naturally on seed pods, and it is believed 
that the dry season during which pods develop and matures checks 
the spread to seed pods. That the Puget Sound Phoma can infect 
pods was shown by experimental work. Although in the threshing 
process seed surfaces could come in contact with spores, it is not 
believed that this would result in much seed transmission, since 
naked spores do not remain viable long. It was not determined 
whether this strain infected seeds internally as does the Phoma that 
causes cabbage blackleg. 

How the Puget Sound Phoma liv(»s over from season to season was 
not determinea; but, since there is neither much crop rotation nor 
any crucifer-free period in the production of cruciferous seed crops 
in the Puget Sound s(‘ction, overwintering would not be a factor in 
the diseas(‘ cycle. The rather weak appearance of this fungus on 
cabbage in nature plus its widespread occurrence might indicate that 
it occurred commonly as a soil-borne saprophyte and less commonly 
as a parasite. Its extreme pathogenicity on certain hosts in the 
gn^enhouse would indicate, however, that it is not necessarily a 
facultativ(‘. parasite. This is further borne out by its virulence on 
Chinese (‘abbage in nature. In view of the long and intensive culture 
of crucifer seed crops in the Puget Sound se(‘tion, it seems more 
probable that this Phoma is carried from crop to crop by plant debris 
and living hosts. 

The Phoma lingarn that causes typical blackhg of cabbage was 
shown to be very variable, and several (‘ultural strains of it were 
isolatc'd. These strains diffcTed markedly in growth type and rate 
and slightly in pathogenicity and morphology. Saltation occurred 
freqiK'ntly and was found to link the strain groups together. Un- 
favorable growing conditions apparently increased the frequency of 
saltation. It is very probable that further study would reveal 
numerous otlu'r types. In view of the wide variability of P. Hngarn 
it seems logical to conclude that the Puget Sound isolates, the Oregon 
isolates, and the California isolate, which fall within that range of 
variability in morphology, physiology, and pathogenicity, are variants 
of P. lingam. Although the organism causing dry rot of rutabaga 
in New Zealand and Europe was not examined by the writer, it 
seems logical to conclude that it also belongs to P. lingam since the 
results obtained by Cunningham (2)^ Hughes (6*), and Buddin (f) 
indicate that it falls within tlu' range of variability of this species. 

It may be well to point out, however, that, although the isolates of 
Phoma from tiu' Puget Sound section were within the range of varia- 
tion of P. lingam j thi'y showed certain points of difl’erence. They, 
with the isolate from California, were distinct from all other isolates 
in the production of a water-soluble, yellow or brown pigment in the 
media, in a yellow to tannish-brown pigmentation of mycelium, and 
in the coarser appearance of the mycelium in culture. The Puget 
Sound isolate PS4() was apparently stable in culture, whereas isolates 
from the East and from Oregon were more or less variable. The 
conidia of PS40 were shorter than the spores from any other isolate. 
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Isolates from the Puget Sound section and from California were also 
distinct from other isolates in the type of lesion produced on coty- 
ledons of seedlings grown from inoculated seeds and in the symptoms 
produced on inoculated leaves of older cabbage plants. 

In view of these findings it is still a question whether the strain of 
Phoma found in the Puget Sound section would cause typical blackleg 
on cabbage in sections favorable to the disease even if it were trans- 
mitted there by seed from the Puget Sound section. Although it may 
be regarded as a strain of P. lingam, its potential danger as a harmful 
seed-borne pathogen on cabbage has yet to be demonstrated. Even 
though nothing in this study indicates that cabbage seed grown in the 
Puget Sound section is not free from blackleg, it should be pointed 
out that the Pacific coast seed-producing section cannot be regarded 
as free from all strains of P, lingam. Moreover, th(‘ occurrence of a 
mild strain of what appears to be P. lingam. in the important Puget 
Sound section and of other strains in the Willamette Valley of Oregon 
is reason for emphasizing that the possibility of seed contamination and 
transmission in that section should not be overlooked. 

SUMMARY 

A Phoma has been found to occur regularly as a minor leaf spot and 
stalk rot pathogen of seed plants of cabbage, Chinese cabbage, 
rutabaga, and turnip in the Puget Sound section of Washington. 
Experiments showed that it is widely pathogenic on other cruciferous 
plants. It produces typical blackleg symptoms on Bramca oleracea 
in greenhouse t(*sts. 

In determining the relation of this fungus to Phoma lingam^ the 
cabbage blackleg organism, a survey of variability in the latter was 
made. Several cultural strains that difl’ered in type and rat(‘ of growth, 
degree of staling, and amount of sporulation were established by 
single-spore technique. In a comparative study of these strains 
numerous saltants that tended to link the strains together w(T(‘ 
isolated. Cultural studies of the variant strains indicated that the 
Puget Sound isolates differed from those from typical bhu^kleg ma- 
terial in absence of staling, in production of water-soluble yellow to 
brown pigment in both medium and mycelium, and in a coarsc'r 
mycelium. 

The Puget Sound isolates produced symptoms that differed from 
those produced by isolates from typical blackleg material in type and 
virulence and were thus s(»parable from the latter. 

Only slight differences in conidialsize were found among the strains, 
but marked differences in siz(‘ and shape of pycnidia occurred. 

The Puget Sound strain of Phoma appeared to fall within the range 
of variability in morphology, physiology, and pathogenicity of 
P. lingam and is considered a variant of it. 
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ELIMINATION AND RETENTION OF POLLEN STERILITY 
IN POTATO IMPROVEMENT ‘ 


By Zola M. Fineman 

Formerly research assistant, Minnesota Agricultural Experiment Station 
INTRODUCTION 

Improvement in the potato (Solanum tuberosum L.) has generally 
been accomplished through sexual breeding. Since pollen sterility 
interferes with sexual breeding, potato improvement would be facil- 
itated if this factor were eliminated from the breeding material. 
Pollen sterility is, however, a desirable character in a potato variety. 
Complete pollen sterility when pre^sent prevents fruiting in this 
normally self-pollinated crop. Bartholdi {2) '^ secured a significant 
increase in yield of tubers by removing flower buds from a self-fruitful 
(fertile-pollen) variety, and a significant decrease in yield by pollinating 
a nonfruiting (sterile-pollen) variety and producing fruit development. 
Thus pollen fertility is essential for potato improvement but undesir- 
able in a variety intended for (cultivation. More complete information 
concerning the inheritance of pollen sterility would aid in the formula- 
tion of a breeding procedure that would reduce the interference from 
pollen sterility to a minimum and yet provide a means for its retention 
and utilization. 

Pollen sterility in potato varieties may be complete (sterile-pollen 
varieties) or partial (fertile-pollen varieties). The fertile-pollen 
varieties can be further classified according to the percentage of pollen 
that is stainable with atcetocarmine (,9). A description of the breeding 
behavior of a number of sterile-pollen and fertile-pollen varieties 
selected from the breeding material of the Minnesota Agricultural 
Experiment Station will be presented, together with a discussion of 
the significance of the results in i-espect to breeding procedure for the 
improvement of the potato. 

CHARACTERISTICS OF STERILE-POLLEN AND FERTILE-POLLEN 

PLANTS 

The breeding behavior of varieties was analyzed with respect to 
pollen sterility by classifying their progenies into sterile-pollen and 
fertile-pollen plants. 

Fertile-pollen plants were characterized by abundant pollen, with 
the stainable grains invariably round and plump, 35 to 50 microns in 
size, and the nonstainable grains uniformly smaller and resembling 
collapsed spheres, and by the absence of pollen grains of the type 
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indicative of irregular meiosis. Examples of pollen from fertile- 
pollen plants are shown in figure 1. 



Figure 1. — Stainable and nonstainable pollen grains from {A) the fertile-pollen 
clone 15-2, which had 76.9 percent of stainable pollen, and {B) from the fertile- 
pollen clone 13-1, which had 24.9 percent of stainable pollen. X365. 
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Sterile-pollen plants were characterized by the absence of normal 
appearing stainable pollen grains (fig. 2) and by the presence of pollen 
indicative of irregular meiosis. Tte pollen of sterile-pollen plants 
ranged m quantity from scant to abundant; the grains ranged in size 
from one-fourth to twice the size of normal stainable grains, and were 
irregularly shaped (lig. 2). Further indications of irregular meiosis 



Firn'RK 2. -A, from the sterile-pollen clone 77 9 having 5.6 percent 

stained pollen; 71, pollen from the sterile-pollen clone 77-7, having 2.8 percent 
stainabl(‘ pollen. X365. 


were the prt'sonce of large grains with thick rugose walls of the sort 
described by Fukuda (6*) as having been dreived from unreduced 
pollen-mother c(‘lls. drains having two or more distinct sections or 
cells (fig. 2) were present at times. Three-, four-, and five-sectioned 
grains were less common. 

Occasionally in sterih'-pollen plants a few grains and one or more 
sections of a multisectioned grain were stainable, but these could be 
distinguished from normal stainable grains by various irregularities in 
shape and size. Scantiness of pollen was associated with a reduction 
in size of both single and multisectioned grains. A few plants con 
tained neither stainable pollen grains nor abnormalities indicative of 
irregular meiosis. 

Tnc complete pollen sterility of sterile-pollen plants is, according 
to Arnason (7) and Longley and Clark (10), the result of the failure 
of normal microspore formation during meiosis. This view is sup- 
ported by numerous meiotic irregularities observed in sterile-pollen 
plants (7, S, 6, 6, 7, 70). The more common meiotic irregularities 
observed were: (1) Failure of the chromosomes to pair; (2) lagging of 
the chromosomes on the spindle ; and (3) failure to complete the normal 
reduction-division process. 
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According to Arnason (!) and Longley and Clark {10), the partial 
sterility of the fertile-pollen plants is conditioned, after what appears 
to be a normal meiosis, by microspore abortion, which frequently 
occurs after the spores have reached normal pollen-grain size. 

SAMPLING THE MATERIAL 

In 1938 and 1939 studies were made at both University Farm (St. 
Paul) and Castle Danger, Minn., on the north shore of Lake Superior, 
after which the studies were conducted only at Castle Danger. Since 
it is well known that the percentage of stainable pollen varies with 
changes in the environment {If., 9), the studies were made only in 
periods where flowering and fruit setting appeared to be proceeding 
normally. Under these conditions, very little variation in stainable 
pollen resulting from differences in season or location was obtained. 

The percentage of stainable pollen was relatively uniform on iden- 
tical material grown in both years and at two locations. This is shown 
by the percentage of stainable pollen observed in four selections for 
each of 2 years and two locations (table 1). The four selections were 
chosen because they were known to approximate the range in per- 
centage of stainable pollen found in the fertile-pollen plants in the 
breeding material. No significant difference in percentage of stain- 
able pollen due to either location or years, or both, is shown in table 1 . 
The differences between the clones were fairly consistent for all four 
tests. 


Table 1. — Percentage of stainable pollen in 4 fertile-pollen parent clones at University 
Farm and Castle Danger in 1938 and 1939 



Stainable pollen in clones at indicated locations 
and seasons 


Parent clones 

1938 

1939 

M(‘an 1 


ITnivorsity 

Farm 

Castle 

Danger 

University 

Faim 

Castle 

Danger 


15-2 

6-1 

12- 7 

13- U... 

Percent 

76 1 
67.2 
57 2 
29 2 

Percent 

83 0 
76 0 
60 9 
26 5 

Percent 

78 7 
75 3 
60 3 
20 6 

Percent 

74 3 
73 3 
34 7 
23 5 

Percent 

78.5 

73.0 
50 8 

25.0 

Meani ... _ 

57 4 

59.6 

58.7 

51 5 



> Mean difference necessary for significance, 9.44 jicrcent. 


The mean percentages of stainable pollen obtained in sexual prog- 
enies at University Farm and at Castle Danger are presented in table 
2. Four selfed and three crossed seedling progenies were used in this 
study. It will be noted that there was no significant difference due to 
location in the mean percentage of stainable pollen. These results 
suggest that limiting the studies to periods favorable to blooming 
tended to make the data obtained in different seasons and at different 
locations fairly comparable. Sinc.e a careful study of the data failed 
to indicate any influence of season or location on percentage of stain- 
able pollen, these factors have been omitted in the presentation of later 
data. 
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BREEDING BEHAVIOR OP PLANTS 

RECIPROCAL CROSSES 

In the present study five sets of reciprocal crosses were made be- 
tween parents which differed significantly in percentage of stainable 
pollen. The number of sterile-pollen and fertile-pollen plants and the 
means in pwcentage of stainable pollen in the fertile-pollen portion of 
the progenies of the reciprocal cross are given in table 3. In all five 
cases, the two progenies of reciprocal (srosses differ significantly in the 
proportion of sterile-pollen to fertile-pollen plants and in the mean per- 
centage of stainable pollen in the fertile pollen-plants. The differences 
between the two progenies of reciprocal crosses is associated with a 
similar difference in the stainable pollen of the female parents. 

Table 2. — Mean percentages of stainable pollen in the fertile-pollen plants in dupli- 
cate samples of selfed and crossed progenies at University Farm arid Castle Danger 
in 1939 


ProgeniflS 

Htainable pollen in prog- 
! enies ‘ at— 

Progenies 

Stainable pollen in prog- 
enies * at--’ 

University 

Farm 

Percent 

46 5±9 7 
32 7rt-6. 0 
43 S±i.^ 
♦W 3±3 0 
20 9±i\ 0 

C'astle- 

Danger 

Percent 

39 7=bl.l 
m 2dr7 3 
50 4±1L7 
66 4d=6 3 
31 3=bl0. 7 

University 

Farm 

elastic 

Danger 

13-1 soiled ; 

fr-l soiled . 1 

75-5 celled .. . 

15-2 selle<l 

13-1X5-1 

75-5X15-2 

16-2X5-1 

Mean 

Percent 

67. 4±4 0 
68. 1±2 1 

49 4 

Percent 
61.3±8.5 
66. 2±4. 8 

47.9 


1 In fortile-pollen plants. 


Table 3. — Sterile-pollen and fertile-pollen plants obtained in 5 reciprocal crosses 
between parents differing in percentage of stainable pollen 


Parents 

Stainable 
pollen m 
female 
parent 

St<‘rilo. 

})ollen 

Iilants 

Fertile- 

pollen 

plants 

Stainable 
jHillen in 
progeny 


Percent 

Number 

Number 

Percent 

13-1 X 15-2 - 

24.9 

28 ! 

39 

20.7 

15-2 X 13 -1 

76.9 

5 

40 

33.6 

12-7X5-29. 

56 3 

41 

10 

8.5 

5-29 X 12-7 

71.8 

5 

48 

48.6 

17-2 X 11-1 - 

32.8 

30 

79 

32.5 

ll-l X 17 -2 

90.0 

1 

150 

73.9 

80-7 X 15’2 - 

66 4 

7 

9 

23.6 

15-2X80-7 

76.9 

0 

12 

61.3 

106-55 X 5-2 - 

26.1 

62 

50 

22.6 

5-2 X 106 55 - - 

74.7 

12 

106 

53.2 


In all five reciprocal crosses female parents with a relatively low 
percentage of stainable pollen gave relatively low proportions of fertile- 

E ollen plants as compared with female parents that had a relatively 
igh percentage of stainable pollen. It is evident from the results of 
the five reciprocal crosses that parents with a low percentage of stain- 
able pollen transmit more pollen sterility as female parents than as 
male parents. These results are in harmony with those of Salaman 
and Lesley (11), who found that the two progenies of a reciprocal 
cross were distinctly different in respect to pollen sterility and in fruit 
setting. 
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BREEDING BEHAVIOR OF PLANTS WHEN SELPBD AND WHEN USED AS FEMALE 

PARENTS 

The behavior of reciprocal crosses suggested that the factors re- 
sponsible for sterile-pollen plants tended to be eliminated in the aborted 
pollen. Thus, with the reduced transmission of these factors through 
the pollen, the character of the progeny with respect to pollen sterility 
would be mostly determined by the breeding behavior of the female 
parent. If this were true, one might expect only slight differences in 
pollen sterility between the progenies of an individual when selfed and 
when used as a female parent in crosses irrespective of the male parent. 

In table 4 are given the number of sterile-pollen and fertile-pollen 
jdants in both the crossed and selfed progenies of nine female parents. 
For five of these nine, the crossed and selfed progenies do not vary 
widely from each other. The crossed progeny from 80-7 has a slightly 
higher proportion of sterile-pollen plants than its selfed progeny. 
The crossed progenies from 12-7, 21-2, and 13-1 have a much higher 
proportion of sterile-pollen plants than their selfed progenies. An 
association between the amount of stainable pollen in the parent and 
the proportion of fertile-jiollen plants in the progeny is indicated, 
except for the crossed progenies of parents 212 and 12-7. Thus, for 
two of the nine parents, the breeding behavior in crosses did not seem 
to be closely related to the behavior when selfed or to the stainable 
pollen in the parent. This fact suggests that in some crosses the male 
parent may have a significant infiuen(*e on the pollen steiility of the 
progeny. 

Crosses showing the relative influence op male and female parents 

The possible influeiK^e of the male parent was studied by comparing 
crossed progenies having the same female parent but different male 
parents. The results obtained by crossing each of eight female parents 
with a number of different male parents are presented in table 5. In 
general, the progenies within the groups having the same female parent 
tend to be alike in the proportion of sterile-pollen to fertile-pollen 
plants. Nevertheless, there are some differences between the progenies 
of a group that are worth noting. In table 5, for example, the crossed 
progenies from male parents 12-7 and 80-7 had a higher proportion 
of fertile- to sterile-pollen plants than the progenies from the other male 
parents in the same group, and, with one exception, these other male 
parents had a higher percentage of stainable pollen. The difference 
between the male and female breeding behavior of selections 12-7 
and 80-7 was also apparent when reciprocal crosses were made and 
highly contrasting progenies were obtained (table 3). 

As indicated by the data in tables 3-5, the percentage of stainable 
pollen in a clone and its breeding behavior on selling and as a female 
parent in crosses was not related to its breeding behavior when used 
as a male parent. The difference between the male and female 
breeding behavior of selections 12-7 and 80-7 might indicate that 
the factors for the relatively high proportion of sterile-pollen plants 
in their (uossed progenies when used as female parents were not 
transmitted through the pollen of selections 11-25, 15-2, and 75. 
This explanation assumes that there was some transmission of the 
factors responsible for sterile-pollen plants through the pollen of some 
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Table 4. — Sterile-pollen and fertile-pollen plants obtained in the crossed and selfed 
progenies of 9 female parents with different percentages of stainahle pollen 


Female parents 


11 "!- 
15-2-- 
75-6-- 
5-29.- 
80-7.- 
12 7-. 
21 ' 2 - 
17 2 - 
13-1 - 


Stainahle 
pollen in 
paient 


Percent 
90 0 

7fi.9 
72 9 

71.8 
50 4 
56.3 
49 1 

32.8 
24 9 


Type of progeny 


/CrosstMl 
ISelfed-- 
/Crossed. 
ISelfed-- 
/Crossed 
tSelfed- . 
/Crossed 
\Splfed-- 
/Cros.s<d 
\Selfod-.. 
/ Cross'd _ 
\Selfed-- 
/Crossed 
\Selfed--. 
!/Cross<Ml 
It Selfed . 
Crossed 
Selfed 


Sterile- 

pollen 

plants 

Fertile- 

pollen 

plants 

Nvmber 

Number 

0 

161 

(1 

38 

() 

107 

1 

43 

0 

30 

5 

43 

5 

48 

0 

7 

13 

16 

6 

13 

41 

10 

6 

11 

43 

8 

5 

10 

30 

79 

8 

19 

57 

81 

6 

12 


Table 5. — Sterile-pollen and fertile-pollen plants in crossed progenies having the 
same female parent hut different male parents 



Stainahle pollen in- 

Sterile- 

Fertile- 

Cross 

Female 

parent 

[ Male 

I pan*nt 

poIl(‘n 

plants 

pollen 

plants 

1.5-2 X . 5-1 . 

Percent 

76 9 

Perce nf 
09 5 

Xumher 

Nvjnber 

55 

1.5-2 X 80 7 

70 9 

m 4 

0 

12 

1.5-2 X 1.3 -1 

70 9 

24.9 

5 

40 

8d-7 X 15 2 - 

.50 4 

70 9 

7 

9 

80-7 X .5 1 

.50 4 

09 5 

0 

6 

13 1 X 15 2 

21 9 

70 9 

28 

39 

13-1X5 1 -- -- - - 

24 9 

09 5 

29 

24 

1.3-1 X 80-7 -- 1 

24 9 

,50 4 

0 

18 

77-9X7.5-6 

5 0 

72 9 

18 

4 

77-9 X 11-25 

5 0 

72 4 

117 

3 

77-9 X 5-29 -- 

5 (\ 

71 8 

58 

15 

77-9 X 12-7 

5 0 

50 3 

20 

11 

70-1 X 7.5-5 

4 3 

72 9 

t 18 

4 

70-1 X 11-25 

4 3 

72.4 

.50) 

1 

7«V 1 X .5-29 . - . - 

4 3 

! 71 8 

2t> 

8 

70-1X12-7 . - - - -- 

4.3 

50 3 

13 

0 

77-7 X 75-5 

2 8 

72 9 

.34 

3 

77-7 X 11-25 - - 

2 8 

72.4 

52 

5 

77-7 X 5-29 

2 8 

71 8 

32 

3 

77-7 X 12'7 , 

2.8 

50 3 

08 

31 

77-8 X 75-6 

0 

72 9 

31 

0 

77-8 X 11-25. 

0 

72 4 

23 

I 

77-8 X 5-29 

0 

71 8 

.30 

0 

77-8X12-7 . 

0 

50 3 

30 

3 

Russet Rural X 16-2 

0 

70 9 

00 

13 

Russet Rural X 11-25 

0 

72 4 

93 

14 

Russet Rural X 5-29 

0 

71 8 

109 

4 


selections. To the breeder, the significant aspect of the breeding be- 
havior of the pollen parents shovn in table 5 is that fertile-pollen 
plants such as 12.--7, 13-1, and 80-7 whose percentage of stainahle 
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pollen is low and whose progenies when selfed and when used as fe- 
male parents in crosses may give a relatively high proportion of 
sterile-pollen plants, may transmit less sterility through the pollen 
than male parents having a significantly higher percentage of stain- 
able pollen. 

The influence of the male parent on the crossed progeny is, however, 
relatively small as compared with that of the female parent. The 
influence of the female parents is shown in table 6, which gives the 
segregation obtained from different female parents crossed with the 
same male parent. The largest differences in segregation between 
comparable progenies of female parents was obtained in groups 1, 
4, and 5. These groups contained female parents with a wider range 
of percentage of stainable pollen than the other groups. An associa- 
tion between the percentage of stainable pollen m the female parent 
and the proportion of sterile- to fertile-pollen plants in their progenies 
is indicated in group 1 and to a lesser extent in groups 4 and 5. Some 
female parents (12-7 and 77 9, group 4) which differed widely in 
percentage of stainable pollen, when crossed with the same male parent 
produced progenies with relatively small differences in proportion of 
sterile- to fertile-pollen plants. Other female plants (80-7 and 21-2, 
group 5) with no significant difference in stainable pollen producecl 
progenies having wide differences. 


Table 6. — Sterile-pollen and fertile-pollen plants in crossed progenies having the 
same male parent but different female parents 



Cross 

Stainable pollen in 
parent 

Sterile- 

Fertile- 

Oroup 

Female 

1 Male 

pollen 

plants 

poll(*n 

plants 



Percent 

Percent 

Number 

Number 


(76-5X16-2.-- - - ---- 

72 9 

76 9 

0 

:V) 

1 

180-7 X 16-2 - 

.66 4 

76 9 

7 

9 

I 13 -I X 15-2 

24 9 

76.9 

28 

;«) 


1 Russet Rural X 16-2 _ -- 

0 

76.9 

60 

13 


(77-9X76-6 - - 

> 6 6 

72 9 

6 

0 

2 

176-1X76-5--- 

J 4.3 

72 9 

18 

4 

177-7 X 76-6- . 

> 2.8 

72 9 

34 

.3 


177-8 X 76-5- -- 

M) 

72.9 

31 

0 


(77-9 X 11-25 

1 6 6 

72 4 

117 

13 


76-1 X 11-25 - 

M 3 

72 4 

56 

1 

3 

^77-7 X 11-25- - 

12 8 

72 4 

52 

6 


77-8 X 11-25- --- 

10 

72 4 

2:1 

1 


iRusset Rural X 11-25 . 

»0 

72 4 

93 

14 


(12-7X5-29- - - 

66.3 

71 8 

41 

10 


77-9 X 6-29 - 

1 5 6 

71 8 

58 

15 

A 

76-1 X 5-29- 

1 4 3 

71 8 

26 

1 6 

4 

77-7 X 6-29 

1 2 8 

71.8 

32 

3 


77-8 X 5-29 

>0 

71.8 

36 

0 


Russet Rural X 6-29 - — 

10 

71.8 

109 

4 


(16-2X5-1 - 

76 9 

69.6 

1 

56 


80-7 X 5-1 - - 

56.4 

69.6 

6 

6 

5 

21-2X6-1 

56.9 

69.6 

43 

8 


13-1 X 6-1 - - 

24 9 

69.5 

29 

24 


iJubel X 6-1 

20.9 

69.5 

11 

14 


(77-9X12-7 - - --- 

» 5.6 

66.3 

26 

11 

6 

76-1X12-7 - - - 

14.3 

66 3 

13 

6 

77-7 X 12-7 

12.8 

56.3 

68 

31 


(77-8 X 12-7- 

10 

56.3 

30 

3 


i Sterile-pollen plants. 
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BREEDING BEHAVIOR OF THE FERTILE-POLLEN PLANTS FROM A CROSS 

Twenty-three fertile-pollen plants from a cross were selfed and the 
progenies examined to detciminc the proportion of sterile- to fertile- 
pollen plants. The study was made on a cross of 17-2X11-1 which 
produced a much higher proportion of sterile- to fertile-pollen plants 
than its reciprocal (table 3). The results obtained on the selfed and 
crossed progenies of the parents and on the selfed progenies of 23 Fi 
fertile-pollen plants is presented in table 7. This study on the parents 

Table 7. — Sterile-pollen and fertile-pollen plants in the selfed, reciprocal crossed, 
and Fi progenies of fertile-pollen parents 17-2 and 11-1 


Par(‘nts 

StoriU*- 

pollon 

plants 

! Furtilo- 
pollen 
plants 

Parents 

1 

1 Sterile- 
pollen 
plants 

Fertile- 

pollen 

plants 


Number 

Number 


Number 

Number 

17-2selfO'i - ---- 

8 

19 

17-2 X n-l-F2-n 

\ 8 

19 

17-2 X U 1- - 

30 

i 79 

17-2 X 11 I-F 2-12 1 

1 7 

17 

11- 1 selfud 

0 

30 

17-2 X 11-1 F 3 -I 3 .1 

1 

5 

JI-I X 17-2 . -1 

1 

150 

17-2X1MF2-I4 

1 4 

0 

17 2 X IM-fVl -- 

22 

15 

17-2 X II-I-F 2 -J 5 

! 4 

7 

17-2 X II-I-F 2-2 

10 

7 

17-2 X ll-l-F^-lO 

10 

s 

17-2 X Jl-l-Fr-il - 

10 

0 

17-2 X II-I-F 2 - 17 .. 

1 7 

13 

17-2 X II-I-F 2-4 

11 

7 

17-2 X U-I-F 2 -I 8 

! ^ 

25 

17-2 X Il-1-Fir5 

U 

4 

17-2 X IM-F 2 -I 9 

4 

14 

17-2 X 11-1-FH) 

9 

0 

17-2 X 1M-F2-2() 

i 3 

10 

17-2 X 11-I-F2-7 

fi 

4 

17-2 X II-I-F 2 - 2 I.. .... 

1 3 

13 

17-2 X II-I-F 2-8 . . . 

S 

1 ^ 

17-2 X 11-1 -F 2-22 


14 

17-2 X 11-1~F2-9 .. . .1 

9 

1 4 

17-2 X 1 1 -I-F 2-23 

0 

0 

17-2XlM'Frl0 - 

8 

11 




was made in a later vear on a portion of the same material that sup- 
plied the data in table 3. The observations do not differ significantly 
for the two seasons. The 23 K, plants studied were fertile-pollen 
plants taken from the reciprocal cross which had the higher proportion 
of sterile-pollen plants. All 23 Fi plants produced progenies that 
showed segregation except 1 in which the 6 individuals were fertile- 
pollen plants. The range of segregation obtained indicated the pres- 
ence of genetic differences between these fertile-pollen Fj plants. 

DISCUSSION 

Both pollen fertility and pollen sterility have an important function 
in the improvement of the potato. Fertile-pollen plants are essential 
for the improvement of the potato through the generally ai-cepted 
sexual method of breeding, while the stei’ile-pollen plants, being non- 
fruitful, will produce, other things being equal, a larger yield of tubers. 

Krantz {8) suggests developing sterile-pollen and fertile-pollen 
plants with superior breeding value and then crossing sterile- pollen 
with f(!rtile-pollen plants to secure nonfruitlul improved varieties. 
Tlie present study indicates how a breeder may proceed in order to 
produce improved sterile- and fertile-pollen plants. The breeder can, 
by choosing female parents according to their percentage of stainable 
pollen, obtain progenies that vary widely or progenies that approach 
equality in proportion of sterile-pollen to fertile-pollen plants. P emale 
parents with 70 percent or more of stainable pollen produced progenies 
with a relatively high proportion of fertile-pollen plants, while female 
parents with little or no stainable pollen produced progenies with a 
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relatively low proportion of fertile-pollen plants. The female parents 
having between 10 and 70 percent of stainable pollen produced pro- 
genies with sterile-pollen and fertile-pollen plants in proportions that 
would be suitable for the selection of superior plants of both types. 
In the 70-percent group, a higher accuracy of estimate of breeding 
behavior as female parents may be obtained by supplementing th 
information on stainable pollen with that on breeding behavior, when 
sclfed. Attention should be called to the apparent absence of asso- 
ciation between both the percentage of stainable pollen in a plant and 
its breeding behavior as a female parent with its breeding behavior as 
a male parent. Significant and consistent differences between plants 
when used as male parents were observed. Thus the known brt'cding 
behavior of a plant when used as a male parent may prove to be a 
further aid to the breeder in producing the type of progenies in 
respect to pollen sterility that he desires. 

SUMMARY 

The problem presented in potato breeding by the anomalous rela- 
tion of pollen sterility to efficient breeding procedure* and to tuber 
yield was studied. 

The breeding material was classified as st(*rile-pollen and fertile- 
pollen plants, and the latter were further classified ae(*ording to tlndr 
percentage of pollen grains stainable with a(‘eto(‘armine. 

Wide differences were found in the proportion of st.(*ril(‘- to f(*rtile- 
pollen plants in five sets of reciprocal crosses. Each reciprocal set 
was made between two parents having significantly different percent- 
ages of stainable pollen. In each set the combination low X high pcT- 
cent stainable pollen gave a low proportion and the high X low a high 
proportion of fertile-pollen plants. 

In 5 of nine plants tested the selfed progeny was similar in th(* pro- 
portion of sterile- to fertile-pollen plants to the crossed prog(uiy 
when the plant was used as a female parent. Tin* significant differ 
ences found between the two types of progeni(‘s for 2 of the plants 
indicated that in some combinations the pollen panuit influ(*nced the 
proportion of sterile- to f(Ttile-pollen plants in the progeny. 

A study of eight groups of crosses with the progeni(*s within (*ach 
group having the same female parent showed that progenies with tlie 
same female parent but with different male parents may be signifi- 
cantly different in the proportion of sterile- to fertile-polhui plants. 
This difference was neither related to the percentage of stainable 
pollen in the male parents nor to their breeding behavior when selfed. 

A similar study of seven groups of (Tosses with the progenies within 
each group having a (jommon male parent showed that progenies having 
a common male parent but difftmuit female parents may differ widely 
in the proportion of sterile-pollen to fertile-pollen plants. This differ- 
ence was associated with the percentage of stainable pollen in the 
female parent and its breeding behavior when selfed. 

Twenty-three fertile-pollen Fi plants from a cross of low X high 
percent stainable pollen produced selfed progenies of which all except 
one segregated for sterile-pollen and fertile-pollen plants. This one 
produced six plants all of which were fertile-pollen plants. 



Aug. 15, 1947 


145 


Pollen Sterility in Potato 


LITERATURE CITED 

(1) Arnason, T. J. 

1941. STERILITY IN POTATOES. Canad. Jour. Res., Sect. C 19: [145]~155, 

illus. 

(2) Bartholdi, W. L. 

1942. INFLUENCE OF FLOWERING AND FRUITING UPON VEGETATIVE 

GROWTH AND TUBER YIELD IN THE POTATO. Milin. Agf. Expt. 

Sta. Tech. Bui. 150, 20 pp., illus. 

(3) Bleir, H. 

1931. UNTERSUCHUNGEN ObER DIB STERILITAT DER KARTOFPEL. Arch. f. 

Pflanzenbau 5: [545] -560, illus. 

(4) Edmundson, W. C. 

1942. comparison of KATAHDIN potato pollen produced in THE FIELD 
and in the greenhouse. Amer. Potato Jour. 19: 12-15, illus. 

(5) Ellison, W. 

1936. MEIOSIS and FERTILITY IN CERTAIN BRITISH VARIETIES OF THE 
cultivated POTATO (soLANUM TUBEROSUM L.). Geiictica 18: 
217-254, illus. 

(6) Fukuda, Y. 

1927. cytological studies on the development OF THE pollen-grain 
IN different races of SOLANUM TUBEROSUM L., WITH SPECIAL 
reference to sterility. Bot. Mag. [Tokyo] 41: [459]“476, 
illus. 

(7) Heyn, H. 

1930. BEITRAG ZUR CYTOLOGIE DER KARTOFPEL SOLiANUM TUBEROSUM L. 

Wis.s. Arch. f. Landw., Abt. A, Arch. f. Pflanzenbau 4: [123]- 1 68, 
illus. 

(8) Krantz, F. a. 

1945. POTATO BREBDlNfJ METHODS III. \ SUGGESTED PROCEDURE FOR 

POTATO BREEDiNiJ. Miiiii. Agr. Expt. Sta. Tech. Bui. 173, 24 pp. 

( 9 ) Becker, C. L., and Fineman, Z. M. jr^ 

1939. INCIDEN(’E AND INHERITANCE OF POLLEN STERILITY IN THE POTATO. 

Jour. Agr. lies. 58: 593-601. 

(10) Longley, a. E., and Clark, C. F. 

1930. CHROMOSOME BEHAVIOR AND POLLEN PRODUCTION IN THE POTATO, 

Jour. Agr. Res 4 1 : 867 -888, illus. 

(11) SalaxMan, R. N., and Lesley, J. W. 

1922. genetk’ studies in potatoes; sterility. Jour. Agr. Sci. [Eng- 
land] 12: [31]-39. illiLs. 




STUDIES ON BIOLOGICAL RACES OF THE HESSIAN FLY‘ 

By W. B. (Urtwrkjht, senior entomologist, and W. B. Norlk, entomologist, 
Division of Cereal and borage Insect Investigations, Bureau of Entomology and 
Plant Quarantine, Agricultural Research Administration, United States Department 
of Agriculture 

INTRODUCTION 

With th(^ incroasing interest and progress in breeding wheats 
resistant to the hessian Hy {Phytophnga dfstrvctor (Say)), the authors 
feel tliat the information they liave obtained since 1935 on biological 
races of the fly, i. e., rac(>s differing greatly in their ability to infest 
dilf(‘rent varieties of wheat through apparently identical taxonomi- 
cally, may be of timely value. This information supports the earlier 
conclusions of Painter (6‘).^ 

ISOLATED GEOGRAPHICAL POPULATIONS OF THE FLY 

The hypoth(‘sis of biological rac(*s of the hessian fly has been offered 
to (explain th(‘ conti'adictory results in fly-resistance tests on wheat 
varietitis in i’(»gions of the United States that are separated by physical 
barriers or distinguished by climatic differiaices. A strildng vari- 
ability of reaction occnirs, for instance, in the variety Dawson, which 
is resistant in California {5) and Kansas (D, but susceptible in Illinois 
and Indiana;^ 

When the testing program on wheat varieties was expanded in 1936 
in California, a nursery of 275 American wheat varieties and strains 
was seedi'd and (‘xposed to a s(wer(‘ attack of the hessian fly in the field 
at^ Birds Landing, (hilif. Thirty varieties, indiiding China, Clarkan, 
Dawson, Dixon, Emerald, Goens, Huston, Java, Marquillo, Marvel, 
Nabob, Ked Rock, Shepherd, Mediterranean, and others, showed high 
r(»sistanc(' to the fly. 

These nvsistant vari<‘ties were ndested at J-a Fayette, Ind., in 1936 
in the field, and the complete series of classified wheats (3), except for a 
few omissions, was test(Hl in the gn^eiihouse during the period from 
1 938 to 1 940, inclusive. \\‘ith the exception of Dixon, Java, Marquillo, 
and Marvel, tlu' common varieti(‘S of wheats were all susceptible to the 
general population of Indiana hessian flies. Although these results 
were explainabh* on the basis of a difference in ability of the California 
and Indiana populations of the fly to infest the wheats, the possibility 
that th(»y were due to variation in the wheats themselves in response to 
environmental differences between the two regions was not eliminated. 
A small number of r(*sistant and susceptible wheat varieties was there- 
fore tested under uniform environmental conditions in the greenhouse 


^ Heceivod for publication November 15, 1944. A contribution from the Bu- 
reau of Entomology and Plant Quarantine in cooxjeration with the Purdue Uni- 
versity Agricultural Experiment Station. , ro 

^ Italic numbers in parentheses refer to Literature Cited, p. lo3. 

^Unpublished data on severa l test s durin g the period 1 9 20-44. 
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during 1936, 1939, ancl 1940 at La Fayette, Tnd., flics emerging from 
flaxseeds collected at Birds Landing, Calif., and at La Fayette being 
used. 

The wheats were infested in the young seedling stage under cages 
according to a method in use at the La Fayette laboratory (/). That 
there were diflcrenccs in the reactions of the respective varieties to the 
flies from the two regions is apparent from the data presented in table 
1 . The records there shown arc in agreement with those of the earlier 
field tests, and this fact strengthens or confirms the hypothesis that 
there are distinct regional races of the hessian fly in California and 
Indiana. 


Table 1. — Extent of infeatation by hessian flies from California and Indiana in 
wheat varieties grown in the greenhouse at La Fayette, Ind., 193(> and 1939-1^0 




California flies 



Indiana flies 


Variety of wheat 

1930 

1939 

1940A 

1940B 

Aver- 

age* 

1930 

19.39 

1940 A 

J940B 

Aver- 

age 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Dawson 

0 

11 

6 

10 

0 5 

89 

89 

90 

UK) 

92 0 

III. No. 1 W38-6.... 

Ift 

11 

14 

10 

12 7 

5 

03 

15 

25 

27 0 

Marquillo 

Wabash- 

14 

39 

31 

36 

43 

33 

32 

35 7 
30 0 

87 

31 

84 

35 

95 

40 

95 

35 3 
90 2 

Big Club 

80 

100 

100 

1 

95 

93 7 

UK) 

95 

95 

UK) 

97 5 


HOST-RESTRICTED RACES 

Tests reported by Paint(‘r {6) and Paint (»r, Salmon, and l^arker (7) 
showed that there were differences in the capacity of individual flicks 
within a single population to infest different varieties of wheat in tlu* 
greenhouse. Such findings are highly important and more significant 
than the occurrence of geographical races of the hessian fly. If a 
given population in a locality is composed of interbreeding iiulividiials 
differing with respect to their ability to infest different wheat vari- 
eties, the planting of a variety resistant to most but not all individuals 
in the fly population may result in the natural s(4('c.tion of a local race' 
or population of flies that will be capable of heavily infesting the erst- 
while resistant wheat. In view of the importance of obtaining more 
information on this possibility, efforts to d('tennine whetluT such a 
race can be isolated experimentally were made at La Fayette. 

The genetic features of the problem rc'semble those encountered in 
the study of cereal smut and rust fungi, and a similar technique of 
investigation is adaptable to their study. Adult hessian flies reared 
from the few puparia found in resistant wheat W(Te used as the 
parents of possible host-restricted races. The flies bred and used 
experimentally during the period 1936-42 did not increase or survive 
beyond the second generation on resistant wheats. In 1943. however, 
a selected population which showed a greater ability than tnat of the 
general population to mature on Java, Dixon, Marvel, and 111, No. 
1 W38 was obtained in the course of routine tests in the greenhouse 
from a series of resistant American and foreign wheats including both 
common and durum varieties. This population was bred and tested 
in March 1943 and during the period from October 1943 to March 
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1944. In the tests reported herein this selected population of the 
fly was compared with the general fly population which had been used 
continuously for experiments in the greenhouse for 2 years and, 
because of continuous inbreeding and use on resistant wheats, may 
have differed from a strictly wild population. It is certain that the 
general population had within its composition some individuals 
genetically similar to the ones comprising the selected population, 
inasmuch as it was the source of the selected population, but logically 
such individuals vrould be presi^nt in smaller numbers. In all these 
tests eggs were pe^rmitted to be laid on the plants in such numbers as 
to eliminate the possibility that lack of oviposition on the part of the 
flies ivpresejiting either th(' selected or the general population would 
account for diflVrences in final infestation. 

The first generation of th<‘ selected population of the hessian fly 
was tested on 5 n^sistajit wheats in the greenhouse* in March 1943. 
P'our 1-row plantings of young wheat seedlings of each variety, each 
containing about 20 plants, were exposed to 400 flies of the selected 
population, and at the same time 4 similar plantings were exposed to 
400 fli(‘s of the* g(*neral population. As shown in table 2, the pcrcent- 

Table 2. — Eiieni of infeMaiion hy hensian flies from selected and general populations 
in wheat varieties grovm in the greenhouse at La Fayette, Ind., March 194S 


Varioty 

Flics from selected iKipulation 

Flies from general population 

Plants 

exam- 

ined 

Plants 

in- 

fested 

Plants i 
stunted ‘ 

Pupa- 

ria 

Plants 

exam- 

ined 

Plants 

in- 

fested 

Plants 
stunted ^ 

Pupa- 

ria 


NvtH’ 



Nnm- 

iVj/m- 



Num- 


her 

Percent 

Percent 

her 

her 

Percent 

Peri tut 

her 

ni No 1 W38*o-n . 

j 

44 

24 

80 

78 

5 

1 

7 

IVy 


34 

20 

03 

83 

20 

4 

50 

IM. Ill24f»-l() 

HO 

23 

14 


73 

8 

7 

16 

1'. J. 5(}2(M»-8-7 

no 1 

7 j 

7 

25 

100 

4 

3 

5 

I‘. I. W587. 1 

9H 

0 I 

0 

0 

70 

0 

0 

0 

Michipn Ainbor (suscoptiblf 

1 

1 







check) . _ - . 

HO 1 

i 

100 j 

i 

100 

651 

80 

100 

100 

671 


* Stiiiilod by iiifcstalion. 


age of plants stiint<*(l by infestation (plants reacting as sihsceptible), 
the percentage of plants infested including those stunted, and the 
total puparia were significantly greater for the selected population 
with the exc('ption of those on the highly r(*sistant durum wheat P. I. 
94587. 

The se(*ond generation was reared as stock material in October 
and November 1943, on the fly-resistant wheats 111. No. 1 W38, 
B30162A13”12, and A3848A5-5. The number of individual flies 
emerging after the storage of material during the summer was too 
sipall for tests in this generation. Tlie wheat lines B36162 and A3848 
mentioned above are soft, winter-type segregates derived from the 
backcrossing of 111. No. 1 W38 with soft red winter wheats in the 
cooperative projex*t for breeding wheats resistant to the hessian fly 
at the Purdue University Agriciutural Experiment Station. 

The third, fourth, fift^i, and sixth genemtions of the selected popu- 
lation of the hessian fly came from rearings through the fly-resistant 
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wheats B36162A13-“12 and A3848A5~5 in the greenhouse during 
the period December 1943 to March 1944, inclusive. With each 
successive generation through the resistant wheats, the infestations 
of B36162A13-12 and A3848A5“5 and of the susceptible check 
Wabash by the selected and general populations were recorded. In 
each test 50 female flies selected at random from the respective popu- 
lations were used to infest the individual plantings, which consisted 



Figuke 1. — Wheat strains exposed to selected and general populations of the 
hessian fly: Rows a to c exposed to selected i)opulation of th(‘ fly, and rows 
d to / to the j^eneral population. Rows a and /, W'abash (susceptible); rous 
b and c, B36162A13-12 (resistant); and c and d, A3848Ar)- o (re^^istant). 

of approximately 45 plants of each of the three wheats. A summary 
of all tests is given in table 3. 


Table 3. — Extent of infestation by selected and general populations of hessian 
flies in BS6162A13-12, AS8/i8A5- 3, and Wabash wheats grown in the greenhouse 
at La Fayette, Ind., December 1943 to March 1944 




Flies fnmi Heleeted popu- 
lation 

Flies from general iiopu* 
lation 

Variety 

Total tests 





lTife.sted 

plants 

Stunted 
plants » 

Infested 

plants 

Stunted 
plants > 



B36162A13-12 

A3848A6-5 

Wabash 

Nu mher 

33 

32 

33 

1 

Percent 

73 f) 
fi7 fi 
100 1 

1 

Percent 

02. fi 
.W 8 
100 

Percent 

43. 3 
3ft ft 
1(H) 

Percent 

33. 5 
27 ft 
KM) 


» Stunted by infestation. 


Table 3 shows that the percentage of susceptible or stunted plants 
in the resistant varieties infested with the selected population of the 
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fly was approximately douWe that of plants infested with flies 
from the gmeral population. Tliere were highly significant visual 
differences in the reactions of tlie two populations (fig. 1) which 
were apparent in most tests. 

Infestations of 80 percent or more of the plants by the selected popu- 
lation were not uncommon in the tests, but infestations varied greatly 
among the individual tests. Tliis variation indicates that tlie 
selected population was not homozygous after six generations of 
screening through the resistantwheats. Theresults appear to demon- 
strate quite conclusively, however, that a strain or race of the hessian 
fly capable of maturing siu cessfully in and seriously injuring wheats 
that are highly resistant to the general fly population can be segregated 
from that population. 

Table 4. — Extent of infestation by hessian flies from the fourth-generation selected 
population in wheat varieties grown in the greenhouse at La Fayette, Ind., 
March 1944 



Plants 

Plants 

Plants 


examined 

infested 

stunted ” 

(Vimnion Vi lu^at 

Nu mhfr 

Percent 

Percent 

Wabash, check 

249 

100 

1(1 

B3«1(12A13-12, check ..! 

202 

98 

fJ 

Alberta Early, C, 1 10025-2 

28 

100 

1C 

fVntcnario, Ks. Ilh K N. 4002.. 

27 

90 

ti 

Dixon, C I 0049 . 

30 

93 

11 

Greek 10, P. I. 110227 

30 

100 

1C 

IVd, Ks. 3fiK. N.3579 

25 

90 

c 

IVy, Ks 30 R. N. 36.S0 

24 

88 

8 

Java. r. 1. 1(K151 

36 

97 

9 

Marquillo, C. I m7 

27 i 

37 

3 

Marvel, 1 8870 

20 

100 

in 

Portucez, P 1. 50204 7 

30 

13 

1 

Rlbciro, P I. .50200-8 

27 

0 


Tnunfo, P I. 104138 . 

22 

100 

ir 

Unnamed, P I 94549-0) . ... 

29 

14 

1 

rnnanied, I. 94571-14 . . 

32 

9 


Unnamed, P. I 11124.5-10... 

32 

100 

If 

Durum wheat 




Tremez njo, P. I. 50257-1 

25 

0 


Unnamed, P 1.94587 ... 

42 1 

0 


Emmer* 




Yaroslav, U. L 1502 

02 1 

0 



' C. I. after varietal name refers to accession number of the Division of Cereal Crops and Diseases and 
P. I. to accession number of the Division of Plant Exploration and Introduction, Bureau of Plant Indus- 
try, Soils, and Aprieultural Engineering, U. S. Department of Agriculture, and Ks. to the accession number 
of the Kansas Agricultural Exfieriment Station. 

* Stunted by infestation. 


Seventy-eight wheat varieties and strains resistant to the general 
population of the hessian fly ( 2 ) were tested with the selected popula- 
tion of the fourth generation in March 1944. Many adult flies emerg- 
ing from the stocks of the selected population were permitted to 
oviposit heavily on the wheat seedlings, thereby increasing the 
chances of infestation by individuals having the ability to mature in 
them. The percentage of stunted or susceptible plants resulting in 
most of the common varieties approached that of the susceptible 
check, but the common wheat variety Ribeiro, tte highly resistant 
durums, and the emmer variety Yaroslav were uninfestod. A partial 
list of the varieties and their reaction to the selected population is 
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given in table 4 to show the variation' in infestation among those 
included in this test. In this scries a check of the plants of 
B36162A13-12 showed 41 percent stunted by the general population 
of the fly in contrast to the 96 percent for the selected population, 
which indicated that the expression of susceptibility in the resist- 
ant wheats was not due to adverse environmental conditions in 
the greenhouse at the time of the tests. The probability of further 
segregation of specialized strains of flies through host restriction of 
populations is indicated by the differences in infestations occurring in 
such common varieties as Marquillo C. I. 6887, Ribeiro P. 1. 56206-8, 
and unnamed P. I. 94549-6. 

The results of tlie several tests reported in this paper indicate that 
a fully effective breeding program for the development of fly-resistant 
commercial hybrids or varieties of wheat must provide for the possible 
appearance of biological races of the hessian fly within regions as 
well as for their present known occurrence in different regions. This 
involves not only the study of genetically different factors for hessian 
fly resistance in wheat varieties, but also a study of the genetic diversity 
of fly populations. 

SUMMARY 

The tests at La Fayette, Ind., since 1935 have substantiated the 
existence of different biological races of the hessian fly in California 
and Indiana indicated in previous studies by the writers and others. 
The characteristics of the two populations as noted in field trials in 
the two regions were maintained when tested on resistant and sus- 
ceptible wheats in the greenhouse at La Fayette, Ind. Varieties such 
as Dawson and W abash, which were resistant to the California popu- 
lations of the fly, were susceptible to tin* Indiana population. 

In the studies on host-restricted races of the hessian fly, a population 
was bred from the general population at La Fayette which was eapabh' 
of heavily infesting many resistant common wheats, such as Dixon, 
Java, and Marvel. This selected population was bred and tested for 
six generations on resistant wheats, including the winter lines derived 
from crosses with 111. No. 1 W38. The percentage of plants stunted or 
susceptible in the resistant varieties was doubled after breeding the 
selected population through the third to sixth generations, but it did 
not attain the 100 percent injury of susceptible wheats. 

The selected population of the lu*ssian fly was cultured for more 
extensive tests on resistant wheats, and the differ <‘riee8 in infestations 
obtained in varieties such as Marquillo, Ribeiro, and other varieties 
indicated the probability of further segregation of the selected popu- 
lation. Several durum wheats which appeared to be immune to the 
general population of the hessian fly were miinfested by the selected 
population. 

The results indicate that a fully effective program for breeding resist- 
ance to the hessian fly must provide for the possible appearance of 
biological races of the fly within regions as well as for their known 
presence in different regions, through a study of the genetic diversity 
of fly populations as well as a study of the genetically different factors 
for hessian fly resistance in different varieties of wheat. 
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VALUE OF SOYBEAN MEAL PREPARED FROM FROSTED- 
FIELD-DAMAGED SOYBEANS FOR GROWING-FATTEN- 
ING SWINE ^ 

Hy H. W. Fairbanks, formerly chief in swine husbandry: J. L. Kridkr, associate 
chief in swine husbandry; Damon C-atron, formerly associate in animal 
h usbandry ; and W. K. C^arroll, chief in swine husbandry and head^ Department 
of Animal Husbandry, Illinois Agricultural Experiment Station^ 

INTRODUCTION 

Duririi? the fall of 1942 large areas of soybeans in the central part of 
the Corn Belt W(*r(‘ frosted before maturity, and th(^ quality of the 
beans was further reduced by unfavorable weather wdiich postponed 
harvest until late wintcu* or early spring. Such beans are referred to in 
this pap(‘r as frosted-field-damaged soybeans. 

Soyb(‘au meal was j)repared by the expeller process from a sample of 
th(‘S(‘ frost ed-field-damag(Ml soybeans for comparison with expeller 
soybi'an meal prepanul from sound mature bc^ans of the 1942 crop. 
Th(‘ damaged soybeans, which were harvested in 1943, are thus 
described by T. H. Allwein: ^ 

These beans wore jnst straiglit country run beans, which were harvested from 
the fields during March. These beans were of mixed varieties, which originated in 
this locality [(libson City, 111.]. All of the.se beans w(‘re sample grade beans and 
averag(‘d about 40 percent damage and 4S pounds test weight. There also was 
considerable dockage, on an average of about 3 percent. This meal was produced 
by our r(*gtilar expeller process. . . . 

METHODS 

In order to obtain quantitative results the paired-feeding method 
for ecjual gains was used. One pig of each pair was fed the check 
ration which contained normal soylx'an meal, while its pair mate was 
fed the mixture which (‘ontained soyl)ean meal prepared from the 
frosted-field-damaged soybeans. 

Sixteen Poland China pigs which had been on rye and alfalfa pas- 
tures during the spring and early summer were paired on the basis of 
wtiight, litt(‘r, sex, type, condition, and probable outcome. All pigs 
wer(‘ thrifty. 

The basal mixture used consisted of ground yellow corn, soybean 
meal, alfalfa meal, and a mineral mixture. The proportion of corn 


* Received for publication June 25, 1945. 

2 The writers gratefully acknowledge the Rs.sistance of R. H. McDade, chief 
swine herdsman. 

® Personal correspondence. The damaged soybean meal was prepared and 
donated to the Universitv of Illinois by the (Vntral Soya C'o., Inc., Gibson 
(^ity, HI. 
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and soybean meal in the mixture was varied in order to change the 
percentage of protein in the ration as the pigs increased in weight. 
The percentages fed are given in table 1. The alfalfa meal was fed 
at the 10-percent level during the test period. The generous feeding 
of alfalfa meal was to insure against a possible vitamin deficiency in 
the all-vegetable ration, as discussed by Krider, Fairbanks, and 
Carroll.^ 


Table ]. — Variations in the proportion of the ingredients of the rations fed to growing 
swine at different live weights 



Pro|iortion in which feeds were mixed for pips weiphing-” 

Foods 

75 pounds or less 

75 to 150 pounds 

Over 150 i)ounds 


Cheek 

ration 

Test 

ration 

('h(‘ck 

ration 

Test 

ration 

Clieck 

ration 

Test 

ration 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Ground yollow corn 

53 0 

53 5 

65 0 

65 6 

71.0 

71 0 

Normal soybean meal 

Damaged soybean meal , 

34.5 

’ 34 0 

22 5 

2*^0 

16 5 

16 5 

Alfalfa meal- 

10. 0 

10 0 

10 0 

10 0 

10 0 

10 0 

Ground limestone 

.5 

5 

5 

i 5 

.5 

5 

Steamed bouemeal 

1 5 

1 5 

1.6 

1 5 

1 5 

1 5 

Iodized salt 

5 

. 5 

5 

.5 

5 

.5 

Total - - 

1(K) 0 

KM) 0 

KM) 0 

KM) 0 

KM) 0 

KM) 0 

Crude protein (percent) 

21.0 

17 

0 

15 0 


The yellow corn, which gi’aded No. 2, was estimated to contain 
9.0 percent crude protein. Analysis of the alfalfa meal'showed 14.0 
percent crude protein. The chemical composition of the soybean 
meals is given in table 2. 

In preparing the feed mixturi's, the slightly higher protein content 
of the damaged soybean meal was taken into consideration by 
equalizing the total percentage of crude protiun ii' the mixtures for 
the pigs in each weight-group interval. The percentages of crude 
protein fed arc given in table 1 . 

The pigs were fed twice daily in individual feeding cj-ates. The 
feed allowances were weighed to one-tenth of a pound and fed in a 
metal trough with which each crate was ((quipped. A small amount 
of water was poured on the feed to prevent waste. The pigs wore 
(jlosely observed in an attempt to keep feed consumption up to the 
limit of the gains of the slower gaining pig of each pair. F('ed 
refusals were noted. Individual weights of all pigs W(!re taken at 
weekly intervals and the feed allowances for the following week W('r(‘ 
adjusted in accordance with the gains made during tin; previous we('k. 
This method was considered satisfactory, as reported previously 
by Krider, Fairbanks, and Carroll.* 


^ Krideb, J. L., Fairbanks, B. W., and Carroll, W. E. value of soybean 

MEAL prepared FROM DAMAGED (bIN-BURNEd) SOYBEANS AS A FEED FOR GROWING 

SWINE. Jour. Agr. Hes. 69: 383-387. 1944. 
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Table 2. — Chemical ccmposiiton of the soybean meals on the fresh basis 


F(>(»ds 

Dry sub- 
stanw 

Crude 

protein 

Ether 

extract 

Ash 

Crude 

fiber 

Nitrogen* 
free ex- 
tract 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Normal soybean inoal 

88 76 

42. 75 

4. 65 

5 14 

4.58 

31.64 

J )amai;e(l soyboan meal 

88 41 

i 

43 25 

4.79 

5.39 

4. 45 

30. 53 


The eight pairs of pigs were kept on concrete floors, in one group, 
and had access to an outside concrete runway. 

The experiment began on July 13, 1943, and continued until 
both pigs of each pair had attained a final weight of approximately 
200 pounds. 

RESULTS AND DISCUSSION 

The results of the experimcmt are summarized in table 3. The 
table shows that in five of the eight pairs the check pig required more 
feed per pound of gain, while in three pairs the test pig required more. 
These results on economy of gain are too nearly a chance distribution 
to indicate any significant diffenuujes in the feeding value of the two 
mixtures. This conclusion was verified by statistical treatment of the 
data by Stiuh^nts’ method with argument t for paired differences as 
described by Snedecor.® 

The record of feed refusals indicated that the rations were equally 
palatable, and th(' tost showed that the difference in feed refusals 
was larg(*lj^ a chanc(‘ deviation. 

To obtain ideal results in paired feeding for equal gains, the pigs 
of each pair should make the same weekly gain in live weight. How- 
ever, this rarely happens. With the 8 pairs of pigs used in these 
experiments, there was a total of 177 weekly comparisons between 
the gains of pair mates. Of the 177 comparisons, only 17 showed 
identical gains, while in 82 the (dieck pigs gained slightly more and 
in 78 the test pigs gained more. The deviation of 2 from the expected, 
assuming a chance distribution, is not significant, which indicates 
that the method of feeding for equal gains used in the present work 
was quite successful. 

The average daily gains are probably smaller than the feed mixtures 
are capable of supporting under conditions of unrestricted feeding, 
but this is to be expected when either gain or feed intake is controlled 
in paired feeding. 

It may be observed in table 3 that the average daily feed was 
greater for the check pig in 5 pairs and greater for the test pig in 
3 pairs. From an analysis of the 177 weekly comparisons of the 
feed intake of pair mates, it was found that slightly more of the check 
ration was required to produce the same gains as the ration which 
contained damaged soybean meal. In 19 of these comparisons, pair 
mates consumed the same amount of concentrates, in 98 the check 
pigs consumed more, and in 60 the test pigs consumed more. The 
test indicates that the deviation of 19 from the ideal of a chance 

®Snedecok, G. W. statistical methods applied to experiments in 
AGRICULTURE AND BIOLOGY. Ed. 3, 422 pp., illus. 1940* Ames, Iowa* 
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Table 3. — Weights, gains, and j 

e 

1 

Final weight pounds . . 

Initial weight do ...j 

Total gain ‘...do ...; 

Period on test days . 

Average daily gain pounds . . 

Total feed eaten. do ; 

Average ration do .. 

Feed consumed per pound of gam . do . 
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distribution was not due to chance alone, and that some other factor 
or factors were probably operating. The x* value of 9.14 is significant. 
The authors believe that the values for feed per 100 poimds of gain 
are more important criteria than the comparison of weekly feed 
intake and hence that little or no significance shoidd be attached 
to the comparisons of the weekly feed intakes. 

Within the limits of error of the method, the data indicate that 
the two meals have practically the same energy value. Since the 
levels at which protein was fed were not border line but were considered 
optimum, it cannot be concluded that jirotein in the meal from the 
frosted-field-damaged soybean is as good for promoting growth as 
that in the meal from the normal soybean. At the protein levels 
fed, however, the two meals were equally efficient in supplementing 
corn, alfalfa meal, and minerals for growing-fattening pigs fed in 
dry lot under the conditions of this experiment. 

The inclusion of 10 percent of alfalfa meal in the rations may 
possibly have obscured differences in the heat-labile constituents, 
such as some of the vitamins, contained in the two soybean meals. 
The purpose of adding the alfalfa meal was to prevent the vitamin 
deficiencies which occur when a ration containing corn, soybean 
meal, and minerals is fed to pigs in dry lot. 

SUMMARY AND CONCLUSIONS 

In the central Corn Belt large, areas of soybeans of the 1942 crop 
were frosted before maturity and were further damaged by unfavorable 
weather which prevented harvest until the spring of 1943. Some of 
these frosted-ficld-damaged soybeans were described as Sample Grade 
mixed soybeans, 40 percent damaged, with a test weight of 48 poimds 
per bushel. Soybean meal prepared by the expeller process from 
these damaged soybeans was compared with soybean meal, prepared 
by the same method, from sound soybeans in feeding experiments 
with growing-fattening pigs. 

The method of paired feeding for equal gains was used in this test, 
wliich involved eight pairs of pigs fed in dry lot. The soybean me^ls 
supplemented feed mixtures composed of ground yellow com, alfalfa 
meal, steamed bonemeal, ground limestone, and iodized 8a,lt. In three 
pairs of pigs, the. checkmates made more economical gains than the 
pigs fed the soybean meal from frosted-field-damaged beans, while 
in five pairs the economy of gains favored the latter pigs. These 
results were studied statistically and the differences were found to be 
statistically insignificant. 

It is concluded (1) that the energy value of the two meals is the 
same for growing-fattening pigs, and (2) also at the protein levels fed, 
the two meals were equally efficient in supplementing corn, alfalfa 
meal, and minerals 


U. S. government printing office. 1»44 
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GROWTH RATES OF HOST AND PATHOGEN AS FACTORS 
DETERMINING THE SEVERITY OF PREEMERGENCE 
DAMPING-OFF ‘ 

By L. D. Leach 

Plant pathologist f California Agricultural Experiment Station 
INTRODUCTION 

Severity of preemergence damping-off is determined by several 
factors, among which mass of inoculum, host susceptibility, tempera- 
ture, and soil moisture are usually the most important. Many workers 
have studied the effect of temperature upon seedling diseases. Two 
outstanding papers are those by Dickson (S),^ who demonstrated that 
Oibberella saubinetii (Mont.) Sacc. produced severe infection upon 
com at low temperatures and upon wheat at high temperatures, and 
by Jones, Johnson, and Dickson (S), who summarized the results of a 
number of temperature studies. The latter writers raised the question 
whether the dominant influence of temperature was through the 
pathogen or through the host. They concluded that with 6. saubinetii 
the effect must be through the host. The relative susceptibility of the 
host at different temperatures was explained by Dickson and Holbert 
(4) as due to chemical differences within the host. At about the time 
that Dickson (S) was making his experiments with G. saubinetii 
Richards (80) tested the pathogenicity of Rhizoctonia solani Kiihn 
upon several hosts and from these investigations Jones, Johnson, and 
Dickson (9, p. 59) concluded that the ‘‘relation of temperature to 
parasitism with Rhizoctonia is a fixed character of the fungus*^ and 
that “neither the nature of the host nor its normal temperature rela- 
tions materially influence the teihperature range for the parasitic 
action of this fungus.'^ 

In the present studies the pathogenicity of several damping-off 
fungi has been tested on different hosts in constant-temperature 
chambers with uniform soil moisture. Upon the same host several 
specific organisms show different temperature ranges for infection. 
Likewise a single organism may have different optimum temperature 
ranges for infection of different hosts. Usually the relative severity of 
infection at different temperatures did not correspond closely to the 
growth rate of either the host or the pathogen. As a rule, however, 
the percent of seedlings emerging from infested soil at different tem- 
peratures agreed closely with the ratio between the coefficient of 
velocity (11) of emergence and the growth rate of the organism at the 
. same temperatures (12^ IS). Since this relation held for several com- 
binations of hosts and pathogens, conceivably it might have a general 

* Received for publication October 4, 1946. 

* Italic numbers in parentheses refer to Literature Cited, p. 178. 
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application. Utilization of this principle would aid in the selection of 
planting periods that permit the seedlings to escape infection from 
some seedling pathogens and to avoid severe infection from others. 

PROCEDURE 

All tests were conducted in a series of eight thermostatically con- 
trolled temperature chambers at 4® to 35® C. Temperature varia- 
tions were less than 1® in all chambers except the 4® one, where read- 
ings as high as 6® or 7® were sometimes recorded during the long periods 
required for germination. 

DETERMINATION OF SEEDLING EMERGENCE RATES 

For studying seedling emergence Yolo fine sandy loam first was 
pasteurized at 80° to 90° {21) and then was moistened to field capa- 
city ^ (16 percent) with a spray of distilled water while the soil revolved 
in an electrically driven cement mixer. Plantings were made in the 
manner described by Doneen and MacGillivray (5). Ten No. 2 tin 
cans with friction tops and each containing 300 gm. of this soil were 
placed in each temperature chamber along with a reserve of soil for 
covering the seeds. The following day, after the soil in each chamber 
had reached a constant temperature, 10 seeds of the host to be tested 
were placed in each can and covered with 100 gm. of soil from the 
same chamber. The cans were then topped and immediately replaced 
in the constant-temperature chamber. Each day the lids were re- 
moved so that germination might be observed and so that gases might 
not accumulate and inhibit germination. 

The emerged seedlings were counted daily during the emergence 
period and the coefficient of velocity of emergence at each temperature 
was calculated by the Kotowski {11) formula: 

Total emergence at end of period v^qq q y g 
Sum of (each daily emergence increase"^ ~ ' ’ ’ 

X days since planting) 

The rate of emergence can also be expressed by the mean emergence 
period {H), calculated in the same way as the coefficient of velocity 
except that the sum of the products is ffivided by the total emergence 
at the end of the trial. Or the coefficient of velocity divided into 100 
is equal to the mean emergence period expressed in days. For 
example, a coefficient of velocity of 4 indicates a mean emergence 
period of 25 days, whereas one of 20 represents a mean emergence 
period of 5 days. The results in table 1 show that, relatively speak- 
ing, spinach is favored by low or moderate temperatures, whereas 
watermelons emerge r^idlv only at high temperatures, a difference 
that is well known. Garden peas, wheat, and sugar beets emerge 
fairly rapidly fat [low temperatures, but are intermediate between 
the low- and l%h-temperature crops mentioned above. 

.* The writer is indebted to Dr. L. D. Doneen, of the Irrigation Division, Upi« 
versity of California, Davis, for adjusting the soil moisture and for making all 
moisture determinations. 
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Tablb 1. — Relation of temperature to emergence rate of seeds planted in pasteurised 

sou 


Coefficient of velocity of emergence i 


Tempera- 
ture (« C.) 

Spinach 

Wheat 

Garden 

peas 

Sugar beets 

Water- 

melons 

4 

4.2 

2.6 

2.4 

1.6 

0 

8 

7.1 

5.1 

4.6 

4.6 

0 

12 

10.3 

10.1 

8.8 

8.4 

0 

16 

15,7 

13.2 


10.8 

3.6 

20 

17.6 

15.2 

12.3 

16.1 

8.5 

25 

10.5 

20.9 

16.8 

23.4 

21.1 

30 

15.4 

22.9 

15.1 

23.8 

28.7 

35 

None 

None 

None 

21.9 

33.0 


>See definition, p. 102. 

DETERMINATION OP FUNGUS GROWTH RATES 

Some of the difficulties involved in measuring fungus growth rates 
have been reported by Fawcett {6). The time factor is important 
but it is difficult to secure comparable rates without selecting more or 
less arbitrary periods for the different temperatures. Measurements 
on potato-dextrose agar were secured by placing a 2-mm. disk of agar, 
from near the periphery of a young fungus colony, as inoculum in the 
center of preincubated agar plates. At each temperature, radial 
growth was measured at intervals of 24 hours or less until the colony 
approached the edge of the petri dish, and the average growth in 
millimeters per 24-hour period was calculated. Near the optimum 
temperature, the maximum growth permitted by the dish was some- 
times reached within 48 hours, whereas at low temperatures several 
weeks were required by some organisms. 


Table 2. — Orowth rates of 4 damping-off pathogens 


Tempera* 
ture (®C.) 

Pythium uUimum on— 

Rhiioctonia 
solani on 
solid medium 

Aphanomyces 
cochUoides on 
solid medium 

Phoma betas 
on solid 
medium 

Solid 

medium 

Liquid 

medium 


MUlimeten 

Milligrams 

MiUimeters 

MiUimeters 

MiUimsters 


per H hourt 

per 14 hours 

per £4 hours 

per £4 hours 

per £4 hours 

4 

0 8 

1.0 

0 

0 

0.7 

8 

4.1 

3.6 

.1 

.6 

1.3 

12 

10.9 

12,2 

3.1 

2.1 

2.4 

16 

17.2 

17.2 

6 9 

3.9 

3.0 

20 

22.4 

22.2 

13.4 

5.4 

4.3 

25 

20.1 

19.4 

19.0 

7.6 

4.7 

30 

27.5 

15.6 

19.6 

8.8 

3.6 

35 

6.8 

8,0 

9.7 

4.6 

.4 

40 

0 

0 

1.0 




As table' 2 shows, the optimum temperature range for Pythium 
vJtinmm Trow appeared to fall between 25° and 30° C. This corre- 
sponds to the residts obtained by Middleton (17), who found the 
highest growth rate at 28°, but it is considerably lower iJian the 
optimum of 32° reported by Harter and Whitney (7) for an isolate of 
this species from sweetpotato. 

Since the mycelial growth of Pythiwn vUintum was less dense at 
30° and 35° C. than at 20° or 25°, the ^wth rate was also determined 
by dry-weight yield in a liquid medium. Flasks of potato-dwrtrose 
broth were inoculated in triplicate at each temperature. Again the 
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length of the incubation period had to be adjusted according to the 
rapidity of growth. At the end of the incubation period the fungus 
colony was separated from the medium in a filter and then washed 
and dried. The growth rate was measured by the, average weight of 
the dried colony in milligrams per 24 hours of incubation. As is 
shown by the results in table 2, the growth rates of P. vltimum on 
solid and in liquid medium were similar at temperatures of 4® to 20®, 
but growth at 25® and 30® was considerably less in the liquid medium. 
Most writers agree that measurement of fungus mass is more reliable 
than radial growtli; and the growth rates in liquid medium are used 
in all comparisons with P. vltimum. Since, however, other fungi 
such as Rhizodonia solani, Phoma betae Frank, and Aphanomyces 
cochlioides Drechs. did not show the same difference in density of 
colony, only the radial growth rates are used in this paper. 

EFFECT OF TEMPERATURE ON PREEMERGENCE DAMPING-OFF 

Infested soils were prepared by spraying a suspension of fungus 
mycelium into the pasteurized soil at the time the moisture content 
was adjusted. Young colonies of the fungus on agar media were 
suspended in distilled water by mixing with a Waring blender. With 
coenocytic fungi such as Pythium uTtimum and Aphanomyces coch- 
lioides excessive mixing in the blender resulted in some loss of via- 
bility. The degree of infestation of the soil was governed by the 
amount of fungus inoculum added and by the time of incubation 
before planting. In each test the identity of the casual organism 
was confirmed by pure culture isolation from infected seedlings or by 
microscopic examination of infected seedlings placed in watei culture. 

PYTHIUM INFECTION OP SPINACH 

To determine the severity of preemergence damping-off for each 
combination of host and pathogen, germination trials were conducted 
in pasteurized soil and in soil infested with a specific organism. For 
example, Prickly Winter spinach seed planted in pasteuiized soil at 
various temperatures germinated at rates indicated by the coefficient 
of velocity shown in table 3. The percentage of seedlings that 

Table 3. — Relation of growth rates of spinach and Pythium ultimum to emergence 

in infested soil 


Tempera- 
ture (® C.) 

Emergence 
of spinach, 
coefficient 
of velocity * 

Growth rate 

Ratio of 
growth 
rates, 3 host 
to pathogen 

Emcrgenee in— 

OfP. 

vltimum 

Pythium 

soil 

Pasteurised 

soil 

4 

4.2 

Mittigrama 
per day 

1.0 

4.20 

Percent 

95 

Percent 

95 

8 

7.1 

3.6 

1.97 

12 

96 

12 

10.3 

12.2 

.84 

1 

96 

16 

15.7 

17.2 

.91 

0 

95 

20 

17.6 

22.2 

.79 

5 

97 

26 

19.5 

19.4 

1.00 

U6 

96 

80 

16.4 

15.6 

.99 

13 

23 

36 

0 

8.0 


0 

0' 


* 8m dolinltkxa, above. 

I Emergence rate of splnaoh (coefficient of velMity). 
Orowtb rate of P. uitimum (mtiligrame per dayF“ 
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emerged at each tempeiaturo indicates that in the absence of patho- 
genic organisms 'spinach germinated about equally well between 4° 
and 25® C., but very poorly at 30° or above. 

In Pythium-iatesiea soil, however, preemergence damping-off was 
severe at all temperatures above 4® C., but especially so oetweon 12® 
and 20° (table 3). The ratio of growth rate of the host to that of the 
pathogen (column 4), bears a close relation to the emergence of 
spinach in Pythium-miested soil (fig. 1), with no preemergence in- 
fection at 4® where the ratio is above 4.0 but with severe infection 
where the ratio drops to 1.0 or below. 

RHIZOCTONIA INFECTION OP SPINACH 

The ratio of the growth rate of spinach (table 4) to that of Bhizocto- 
nia solani shows that at 4° and 8° C. the host grew relatively faster 
than the fungus. At these temperatures there was no evidence of 

Table 4. — Relation of growth rates of spinach seedlings and Rhizoctonia 
solani to emergence in infested soil 





Ratio of 
growth 
rates.’ 
host to 
puthocen 


Emergence of— 


"emrwTaturo 

C r.) 

Emerppncc 
of spintich, 
coefficient 

(Irowth 
rate of 

F. solani 

Seed lot V in— 

8(*ed lot B in— 

of velocity 

Rhizoc- 
tonia soil 

Pasteur- 
ized soil 

Rhizoc- 
tonia soil 

Pasteur- 
ized soil 

4 

4.2 

Mill i meter r 
per day 

0 1 

09 

Percent 

86 

Percent 

73 

Percent 

(*) 

Percent 

95 

8 

7.1 

1 : 

71.00 

81 

V i 

(J) 

96 

12 

10 3 

3 i 

3.32 

65 

81 

93 

06 

16 

15 7 

6 9 

2 28 

35 

77 

82 

95 

20 

17 6 

13.4 

1.31 

1 

75 

34 

97 

25 

19 5 

10.0 

1.03 

0 

77 

1 

96 

30 

15.4 

19 7 

78 

0 

11 

0 

2:1 

35 

0 

9 7 


0 

0 

0 

0 


‘ ratc of spinat*h (coefflcUuit of volocity). 

* ’Growth rato of >?. sotani (miUinieters iior day) 
sNot tested. 

precmergcnco damping-off. As the temperature increased, the ratio 
of host growth rate to pathogen growth rate decreased, and a corre- 
sponding increase in the severity of infection took place with both 
seed lots A and B (fig. 2, A and B). Infection was less severe, how- 
ever, upon seed lot B with high germination than upon seed lot A 
which showed lower viability. 

Kotowski (11) found that the germination of spinach seed decreased 
with each increase in temperature from 5° to 30° C. In the present 
trials there were no differences in the percent of emergence of spinach 
seed planted in pasteurized soil between 4® and 25°; although emer- 
gence was reduced considerably at 30°. Since Kotowski’s results 
resemble those observed in infested soil, perhaps his sand medium 
contained a mild infestation of damping-off pathogens, such as 
Rhizoctonia solani. 
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Figure 1. — Ay Coefficient of velocity of emergence of spinach in pasteurized soil, 
growth rate of Pythium ultimum in liquid medium, and ratio of emergence 
rates of spinach to growth rate of Pythium; By percent emergence of spinach 
in pasteurized soil and in soil infested by P. ultimum compared with curve 
representing ratio of growth rates of host and pathogen reproduced from 
figure lyA, Spinach escaped infection by P. ultimum at 4^ C*, where the host 
grew relativelv faster than the pathogen, and was most severely infected be- 
tween 12^ ana 20^, where the fungus grew relatively faster than the host. 
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Figure 2. — A. Coefficient of velocity of emergence of spinach at temperatures 
of 4® to 40® C„ growth rate of Rhizoctonia aolant on agar, and ratio of emergence 
rate of spinach to growth rate of Rhizoctonia, The low temperatures were 
more favorable for the host and the high temperatures for the pathogen. B, 
Percent emergence of spinach in pasteurized and in RhizoctomaAnfested soil 
compared witn curve representing ratio of growth rates of hoiSl and pathogen 
reproduced from figure 2,i4« 
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PYTHIUM INFECTION OF GARDEN PEAS 

Garden peas (variety Laxton’s Progress) germinate well in moist 
pasteurized soil at 4° to 30° C., but no emergence was obtained at 35° 
(table 5). Although peas emerge slowly at 4° and 8°, their growth 

Table 5. — Relation of growth rates of peas and Pythium ultimum to emergence in 

infested soil 


Temptir- 
ature 
(“ C.) 

Emergence 
of^as, 
coemcieiit 
of velocity 

Growth 
rate of 

P. ultimum 
milligrams 
per day 

Ratio of 
growth 
rates,* 
host to 
pathogen 

Emergence in— 

Pythium 

soil 

Pasteurized 

soil 





Percent 

Percent 

4 

2.4 

1.0 

2.40 

66 

89 

8 

4.6 

3.6 

1.28 

18 

90 

12 

8.8 

12.2 

.72 

2 

98 

16 

10.5 

17.2 

.61 

0 

. 93 

20 

12.3 

22.2 

.55 

0 

93 1 

25 

16.8 

19.4 

.86 

2 

94 

30 

15.1 

15.6 

.97 

32 

86 

35 

0 

8.0 


0 

0 


1 n f ^ Emergence rat e of peas (co efficient of velocity) ^ 

® Growth rate of P. uitimum (milligrams per day)* 

rate is relativeljr faster than that of Pythium at these temperatures 
(fig. 3, A) and infection was less severe than at higher temperatures. 
Seed decay and preemergence infection wore most severe between 12° 
and 25° (fig. 3, B). In this trial the inoculum was so heavy that 
practically all seedlings were destroyed at these temperatures and 
differences between the temperatures were obscured. 

The occurrence of less infection upon peas at low than at inter- 
mediate temperatures confirms Reinking’s {19, p. 41) conclusion that 
“peas should be planted as early as possible in order to take advantage 
of the cooler soil temperatures that are unfavorable to fungous develop- 
ment.” McNew {16) stated that seed decay was more severe in cool 
soils (15° to 20° C.) than in warmer ones (29° to 32°). His cool soils 
fall, however, within the optimum range for infection as shown in 
table 5. 

In all comparisons of temperature effects, soil moisture must be 
maintained at similar levels, since, as shown by Jones {8), soil moisture 
is perhaps more important than temperature in determining the sever- 
ity of pea seed decay. 

PYTHIUM INFECTION OF 'SUGAR BEET 

Sugar beet seedlings develop faster than Pythium ultimum at both 
high and low temperatures (table 6), but at intermediate tempera- 
tures the pathogen develops faster. 

In the absence of soil-bomo organisms, the greatest number of 
sugar-beet seedlings was produced at 12° to 30° C., somewhat fewer 
at 4° and 8°. A temperature of 35°, however, not only reduced the 
number but resulted in the production of weak seedlings. In 
Pj/fAmm-infested soil, preemergence damping-off was most severe at 
12° to 20°, where the ratio of the growth rate of the host (table 6) 
to that of the pathogen was the lowest. 
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Tablb 6, — Relation of growth rales of sugar heels and Pylhium uliimum to 
emergence in infested soil 



Emergence 


Ratio of 

Emergence of seedlings per 100 seed balls in— 

Temper- 

ature 

C.) 

of sugar 
beets, 
coefficient 

Growth 
rate of 

P. uUimum 

growth . 
rates, 1 
host to 


Pythium soil 

PMteur- 

of velocity 


pathogen 

Trial A 

Trial B 

Trial C 

heed 

soil 

4 

1.6 

Milligrame 
per day 
1.0 

1.60 

No. 

54 

No. 

70 

No. 

46 

No. 

114 

8 

4.6 

3.6 

1 28 

32 

18 

28 

145 

12 

8.4 

12.2 

.69 

1 

0 

15 

186 

16 

10.8 

17.2 

,63 

0 

0 

15 

189 

20 

16.1 

22.2 

.72 

0 

0 

12 

193 

25 

23.4 

19 4 

1.21 

5 

2 

38 

209 

30 

23.8 

15.6 

1.52 

49 

30 

132 

192 

35 

21.9 

8.0 

2.74 

109 

141 

90 

75 


I p ti — Emergenoe of beets (ooefflciont of veloc ity) 
Kai o— (milligrams iw day)* 


Since the zone of severe infection coincides with the most favorable 
temperatures for germination of sugar beets (fig. 4, A) and since in- 
fection may be fairly severe throughout the normal range for ger- 
mination (8® to 30® C.) (fig. 4, 7?), there is little possibility of elim- 
inating Pythium infection by altering the planting date as long as soil 
moisture conditions remain favorable for the pathogen. 

RHIZOCTONIA INFECTION OF SUGAR BEET 

When the growth rates of sugar b(‘ets and Rhizoctonia solani (table 
7) are compared, low temperatures seem to be much more favorable 
to the host than to the pathogen (fig. 5, A). In soil of moderate in- 
festation (trial A), preemergence damping-off was most severe at 20® 
to 30® C., corresponding to the lowest ratios of the emergence rate 

Table 7. — Relation of growth rates of sugar heels and Rhizoctonia solani to emergence 

in infested soil 


Temi>o- 

rary 

(“C.) 

Emergence 
of sugar 
beets, co- 
efficient 
of vel(K*ity 

G'’o>vth 
rate of 

P. solani 

Ratio of 
growth 
rates • 
host to 
pathogen 

Emergence of— 

Seedlings per 100 seed balls in— 

Rhizoctonia soil 

Pasf.eur- 
ized soil 

Trial A 2 

Trial B 3 



MUllmeters 







per (lay 


Number 

Number 

Number 

4 

1.6 

0 

a» 


116 

114 

8 

4.6 

.1 

46.00 

122 

14.3 

145 

12 

8.4 

3.1 

2.71 

199 

185 

186 

16 

10.8 

6.9 

1,56 

128 

3 

189 

20 

16.1 

13.4 

1.20 

83 

0 

193 

25 

23.4 

19.0 

1.23 

Zi 

U 

209 

30 

23.8 

19.7 

1.21 

73 

4 

192 

35 

21.9 

9.7 j 

2.26 

147 

63 

75 


Emergence of beets (coefficient of td^Uy) 


* Soil moderately infested. 

• Soil heavily infested. 

759637—47 2 
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4 8 12 16 20 25 30 35 40 

TEMPERATURE (*0.) 


Figure 3 . — Ay CoeflScient of velocity of emergence of garden peas, growth rate 
of Pythium ultimum in liquid medium, and ratio of emergence rate of peas to 

f rowth rate of Pythium; B, percent emergence of peas in pasteurized and in 
ythium-infested soil compared with curve representing ratio of growth rates 
of host and pathogen reproduced from figure 3, A, Seed decay was less severe 
at high and low temperatures than between 12® and 26® C., a relation corre- 
sponmng to the ratio between growth rates of host and pathogen. 






Figure 4.— A, Coefficient of velocity of emergence of sugar beets, growth rate of 
Pyihium uUimum in liquid medium, and ratio of emergence rate of sugar beets 
to growth rate of Pythium; B, percent emergence of sugar beets in pasteurized 
soil and in soil infested by P. uUimum compared with curve representing ratio 
of growth rates of host and pathogen reproduced from figure 4. A, Pythium 
infection was severe throughout the temperature range favorable for germina- 
tion of sugar beets. 
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Figure 6. — Coefficient of velocity of emergence of sugar beets, growth rate 
of Rhizocionia on agar, and ratio of emergence rate of sugar Ijeets to growth 
rate of Rhizoctonia; B, percent emergence of sugar beets in pasteurized soil 
and in soil infested by R, solani compared with curve representing ratio of 
growth rates of host and pathogen reproduced from figure 5, A. Infection 
was severe between 16® and 30® C. with a maximum at 26®, near the optimum 
for both host and pathogen, but there was no infection at 12® or below where 
the host grew relatively faster than the fungus. 
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of the host to the growth rate of the pathogen (fig. 5, P). With a 
heavy soil infestation (trial B), infection was severe at 16° to 30°, 
but no preemergence damping-ofi occurred at 12° or below in either 
trial. 

These rraults suggest that plantings at low temperatures would 
escape Rhizoctonia infection. Such a conclusion is supported by the 
fact that in central California this fungus is rarely recovered from 
early spring plantings but frequently from later ones. 

PHOMA INFECTION OP SUGAR BEET 

Phoma betae differs in one respect from the pathogens previously 
discussed. Instead of being soil-borne, it is carried either internally 
or externally on the beet seed balls produced in some areas. This 
fungus grows slowly at all temperatures, but a. study of the relative 
growth of sugar beets and Phoma (table 8) shows that the higher the 

Table 8. — Relation of temperature to growth of Phoma betae and to emergence of 

Phoma-infected beet seed 


Tempera- 

ture 

("C.) 

Emergence 
of l)eets, 
coefficient 
of velocity 

Growth 
rate of 

P. betae, 

Ratio of 
growth 
rates, 1 
host to 
pathogen 

Emergence in pa.steuri7-ed soil of 
seedlings per 100 seed balls 

Phoma-infveU'd 

seed 

Disease 
frw* seed 

Lot A 

Lot B 



MiUigrame 







per hours 


Number 

Number 

Number 

4 

1.6 

0 7 

2.28 

3 


114 

8 

4.6 

1 3 

3.54 

9 

38 

145 

12 

8.4 

2.4 

3 50 

41 

91 

186 

16 

10.8 

3 0 

3.60 1 

45 

102 

189 

20 

16,1 

4 3 

3 74 1 

77 

139 

198 

25 

23.4 

4 7 

4 98 I 

129 

144 

209 

30 

23.8 

3.6 

6 61 1 

131 

132 

192 

35 

21.9 

.4 

54. 75 1 

68 


75 


> (cooffleient of velocity)^ 

Growth rate of P. bHae milligrams ix^r day)* 

temperature the more favorable it is for the host as compared with 
the pathogen. 

With most seed lots Phoma produces chiefly postemergence root 
or hypocotyl infection and little or no preemeigence damping-off. 
In a few heavily infected lots, however, preemergence infection was 
abundant. Two of these lots, A and B, were tested in pasteurized 
soil at 4° to 35° C. Each emerged as well at 25° or 30° as when the 
lots were disinfected before planting; but at low temperatures the 
emergence of PAomo-infected lots dropped much lower than that of 
disease-free seed lots at the same temperatures. As shown by table 8, 
the zone of severe preemergonce infection corresponds to the lowest 
ratios between host growth rate and pathogen growth rate. 

Low emergence of both infected and disease-free seed lota at 35° 
C. is characteristic of all plantings at that temperature. 
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PHYTHIUM INFECTION OF WATERMELON 

Id contrast to spinach and peas, watermelon is t 37 pical of high- 
temperature crops. Even ip pasteurized soil (table 9) no seedlings 
emerged at 12° C, or below, only a few appeared at 16°, but excellent 
results were obtained at 20° to 35°. The highest emergence rate 
was found at 35°, with the rate decreasing as the temperature was 
lowered (fig. 6, A). The ratio of growth rates shows that at low 
temperatures Pythium grew relatively faster than watermelon, whereas 
at high temperatures this relation was reversed. 


Table 9. — Relation of growth' rates of watermelon and Pythium ultimum to 

emergence in inflated soil 


Temperature 

(^C.) 

Emergence 
of water- 
melon, co- 
efficient 
of velocity 

Growth 
rate of 

P. vltimum, 

Ratio of 
growth 
rates,* 
host to 
pathogen 

Trial A * 

Emerge 

Pythium soi 

Trial B « 

nee In— 

Trial C » 

Pasteurised 

soil 



Milligrams 








per day 


Percent 

Percent 

Percent 

Percent 

4 

0 

1.0 

0 





g 

0 

3.6 

0 





12 

0 

12.2 

0 


0 

C 

0 

16 

3.6 

17.2 

.21 

0 

0 

0 

17 

20 

8.6 

22.2 

.38 

20 

0 

1 

04 

26 

21.1 

10.4 

1.00 

64 

1 

6 

00 

30 

28.7 

16.6 

1 84 

73 

10 

8 

02 

35 

33.0 

8.0 

4. 12 

08 

01 

<75 

06 


p « Emergence of watermelon (coefficient of velocity) 

Katio— yate of P, uUimum (milligrams per day) 

* Moderately infested soil. 

> Heavily Infested soil. 

<33® C. 

By comparing the emergence in pasteurized soil with that in 
moderately infested soil (trial A), one can see that proemergence 
infection was severe at 16° and 20° C., moderate at 25° and 30°, 
and totally absent at 35° (fig. 6, B). In heavily infested soil (trials 
B and C) severe preemergence infection occurred at temperatures as 
high as 30° but not at 35°. The unintentional lowering of the tem- 
perature from 35° to 33° resulted in some preemergence infection 
in trial C. 

The severity of infection in each trial was closely related to the 
ratio of growth rates at that temperature (fig. 6, B). 

These data strikingly resemble Arndt’s results (!) with cotton 
seedlings in Pythium-imested soil. Comparison of Arndt’s “time 
requirM for emergence’’ for cotton with the present data on the growth 
rate of P. idtimum (table 2) indicates that his ratios would be similar 
to those for watermelon and Pythium at the same temperature. 
Arndt’s findinp could therefore be explained on the same basis. 

RmZOCTONIA INFECTION OF WATERMELON 

Althou^ Bhizoctonia sdani does not grow so well at low tempera- 
tures as Pythium ultimum, its growth rate exceeds that of water- 
melon seedlings below 25° C. Above that temperature, conditions 
are increasingly favorable to watermelon. A single trial in heavily 
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Fioure 6 . — A, Coefficient of velocity of emergence of a high temperature crop, 
watermelon; growth rate of a low temperature fungus, Pythium ultimum; and, 
ratio of the emergence rate of watermelon to growth rate of Pythium, 
Percent emergence of watermelon in pasteurized soil and in soil infested by 
P, ultimum compared with curve representing ratio of growth rates of host 
and pathogen reproduced from figure 6, A, Low temperatures favored the 
growth of the pathogen whereas high temperatures favored that of the host; 
damping-off decreased as the temperature rose. 
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infested soil (table 10) shows that Rhizoctonia causes severe seed 
decay and preemer^ence damping-off at. 16° to 25°, but little if any 
preemergence infection at 30° and 35°. 

Table 10, — Relation of growth rates of watermelon and Rhizoctonia solani to 

emergence in infested soil 


'f^mpera- 
ture (®C.) 

Emergence 
of water- 
melon, 
coefficient 
of velocity 

Growth 
rate of 

R. solani, 

Katio of 
growth 
rates i 
host to 
pathogen 

Emergence in— 

Rhizoc- 
tonia soil 

Pasteur- 
ized soil 



Millimeters 






per day 


Percent 

Percent 

4 

0 

0 




8 

0 

.1 

0 



12 

0 ‘ 

3.1 

0 

0 

0 

16 

3.6 

6.9 

.52 

0 

17 

20 

8 5 

13.4 

.63 

0 

94 

26 

21.1 

19.0 

1.11 

0 

90 

30 

28.7 

10.6 

1.46 

83 

92 

35 

33.0 

9.7 

3.40 

90 

96 


^ , Emergence of watermelon (coefficient of velocity) 
itatio-Qrowth rate of R. solani (millimeters per day) ~ * 


DISCUSSION 

The comparisons in tables 3 to 10 and figures 1 to 6 illustrate eight 
combinations of hosts and pathogens. The severity of preemergence 
damping-off appears to be closely related sometimes to the growth 
rate of the host and sometimes to the growth rate of the pathogen. 
Neither of these factors alone adequately explains, as a rule, the 
relation between temperature and the severity of preemergence 
damping-off. However, in all combinations of host and pathogen 
tested, the ratio between the coefficient of velocity of seedling emer- 
gence and the growth rate of the pathogen is inversely related to 
the severity of infection. If this relation has general applications, 
then one can establish a temperature range within which infection is 
absent, a range within which infection is moderate, and one within 
which it is severe for any combination of host and pathogen, provided 
the growth rates of the two are known. 

This concept explains why, in general, high-temperature crops like 
cotton, cowpeas, lima beans, and peanuts are more subject to seed 
decay or preemergence damping-off at low than at high temperatures, 
whereas low-temperature crops like spinach and peas often suffer 
less infection at low than at intermediate or high temperatures, 
provided soil moisture conditions are similar. By studying seasonal 
temperatures one is sometimes enabled to plant certain crops within 
escape periods for specific pathogens, or at least to avoid the period 
of most severe infection. If plantings of susceptible crops must be 
made during the period favorable for infection, then seed treatment 
is imperative; and one should select the specific treatment most 
effective against the organism or organisms most Ukely to operate 
at a given soil temperature. 

In all combinations of host and pathogen, the lower the ratio of the 

f rdwth rates, the more severe was the preemergence damping-off. 
'or example, with sugar beets a rapid-growing fungus such as Pythium 
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vltimum shows a growth-rate ratio below 1.0 and causes severe 
p r e emergence infection at temperatures favorable to the fungus. 
With Bhizoctonia solani, a somewhat slower-growing fungus, the ratio 
of growth rates at temperatures most favorable to the fun^s is be- 
tween 1.0 and 2.0. At these temperatures Bhizoctonia produces less 
preemergence infection than Pythium but may cause considerable 
postemergence infection. With a slow-growing fungus, such as 
Aphanomyces cocMioides, sugar beets show a growth-rate ratio of 2.5 
to 3.2 at the temperatures most favorable for the fungus. Infection 
by this organism is hmited almost entirely to the postemergence 
phase, as reported by Buchholtz (;?). 

Apparently, therefore, ratios of below 1 .0, indicating that the growth 
rate of the pathogen exceeds that of the host, are associated with the 
potentiality of severe preemergence infection. As the ratios increase 
from 1.0 to 4.0 the probability of preemergence infection is lessened, 
but ^osteraergence infection may be severe. Ratios above 4.0 are 
associated with total absence of procmergence damping-off. 

The present studies wore limited chiehy to observations on pre- 
emergence infection, since the methods employed were not suitable 
for testing the effect of temperature on postcmergence phases. Prob- 
ably, however, the same relations hold for many types of infection on 
rapidly growing plant parts. 

The occurrence of strains of a pathogen having different temperature 
requirements would alter these relations; and, when tested on the 
same hosts, a low'-temperature strain of Bhizoctonia solani such as 
reported by Kadow and Andei’son (10) would probaby not show the 
same temperature relations as the strain used in these trials. 

The similarity between the ratio of growth rates and the severity of 
infection does not necessarily mean that growth rate is the controlling 
factor. In specific cases the susceptibility of seedlings has been shown 
to be correlated with chemical differences in the host brought about by 
temperature, as reported by Dickson and Holbert (4) and by Reddy 
(18). Investigations by McClure and Robbins (15) showed that 
resitance of cucumber seedlings to postemergence infection by Pyth- 
ium was associated with cell-wall lignification, which in turn was 
influenced by age of seedlings, nitrogen nutrition, and light. 

Probably, however, even in these cases, the physiological or ana- 
tomical changes in the host that limit infection are closely associated 
with the growth rate of the host and infection is related to the relative 
activity of the host and the pathogen. 

SUMMARY 

To determine the effect of temperature upon the severity of pre- 
emergence damping-off, spinach, sugar beets, peas, and watermelons 
were germinated in pasteurized sou and in soil infested by specific 
pathogens and maintained at controlled soil moistures and temperatures. 

The coefficient of velocity of emergence was determined for each 
host from daily emergence counts in pasteurized soil at each tempera- 
ture. The growth rate for each pathogen was determined at each tem- 
perature from measurements on agar plates or from nutrient solutions. 

Spinach, a low temperature crop, was most severely infected in 
Pj/mttm-infested soil between 12° and 20° C. and escaped preemerg- 
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ence infection only at 4®. In KAizoctonio-infested soil, however, 
spinach suffered little or no preemergence infection at 12° or below, 
moderate infection at 16°, and severe preemergence damping-off 
at 20° or above. 

Watermelon, a high temperature crop, escaped infection by either 
Pythium or Bhizoctonia at 35° C. but was more severely infected as 
the temperature was lowered. 

In Pj/^^it<m-infested soil, seed decay and preemeigence infection of 
garden peas was most severe between 12° and 25° C. 

The temperature ranges in which the most severe preemergence 
infection of sugar beets occurred were: Pythium-hdeBted soil, 12° 
to 20° C.; Bhizoctonia, 16° to 30°; and from seed infected with Phoma 
betas, 4° to 20°. 

In all combinations of host and pathogen preemergence infection 
was most severe at temperatures that were relatively less favorable 
to the host than to the pathogen as measured by the ratio of their 
growth rates. 

From these trials it appears, therefore, that other factors being 
constant, the relative growth rates of the host and pathogen determine 
to a considerable degree the severity of preemei^ence infection at 
different temperatures. 
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RESISTANCE OF LATHYRUS SPP. AND PISUM SPP. TO 
ASCOCHYTA PINODELLA AND MYCOSPHAERELLA 
PINODES^ 


By J, L. Weimeb* 

Senior patholopiat, DiviiUm of Forage Crops and Dise,ases, Bureau of Plant 

Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, United States Department of Agriculture 

INTRODUCTION 

The culture of the Austrian Winter field pea, a variety of Pisum 
natiwm L., grown as a winter cover crop tliroughout the southeastern 
part of the United States and the Pacific Northwest, is considerably 
I'estricted by its susceptibility to diseases. Most destructive of these 
diseases in the Southeast are those cau.sed by Ascochyta pinodella L. 
K. Jones, Myrosphaerella pimdes (Berk, an^ Blox.) Vest., and Apha- 
nomyres evfe/ches Drechs. In the hope of discovering for use in 
breeding work a field pea more resistant than the Austrian Winter 
variety to these fungi a study was initiated in the autumn of 1935 at 
Experiment, Ga. During a lO-year period many different lots of 
Pisum and a few of Lathyms were tested, many of them several times. 
Some of the difficulties involved and the methods of surmounting 
them were described in a preliminary report in 1940.® The present 
paper recoi’ds the results of the studies of the species, varieties, and 
strains for resi.stance to A. pinodella and M. pinodes only. The in- 
vestigations of A. euteiches are not entirely complete, and the results 
will be reported at some future date. 

MATERIALS AND METHODS 

Tlie seeds used in these investigations were obtained in this country 
and from abroad. Few of the peas tested, other than the lots of the 
Austrian Winter variety, were able to survive the more severe of the 
winters at Experiment, Ga. It became necessary, therefore, to provide 
a measure of protection for the plants, especially during cold nights. 
Previously described hotbeds,® heated with electric cable and covered 
with heavy cloth, were found to be adeciuate. The seeds were planted 
during the first half of October in well-fertilized field soil in 6-inch 
pots. When available, 10 seeds were planted in each pot. 

’ Received for publication March 13, 1947. Cooperative investigations of the 
Division of Forage Crops and Diseases and the Georgia Agricultural Experiment 
Station. Paper No. 165, Journal Series, Georgia Agricultural Experiment Station. 

’Grateful acknowledgment is made to Boland McKee, Division of Forage 
Crops and Diseases, to H. A. Sclioth, Oregon State College, Corvallis, Oreg., and 
to the many others who supplied the seed used in these investigations. 

* Weivek, J. L. methods or vAr.UE in bbekdinq atjsthian winter mw peas 
roa DISEASE RESISTANCE IN THE SOUTH. Phytopathology 80: 155-100, illus. 1940. 
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In order to insure abundant infection 2- to 4-inch plants were 
inoculated by placing on the surface of the soil 1 or 2 tablespoonfuls 
of autoclaved peas on which the fungus to be tested was growing. 
After the inoculum was applied, the pots were watered thoroughly 
and kept covered with the hotbed cloth for 2 days; this cover was wet 
down several times during that period. 

Since 2 fungi {Ascochyta pinodella and M-ycosphaerella pmodes) 
were involved, it was necessary to have 2 duplicate sets of pots, 1 set 
in each bed. Thus, in most experiments 40 plants were under test at 
the same time. When the results were not conclusive, the lots were 
included in the test the following year. Pots of the Austrian Winter 
variety, which was used as the control, were scattered throughout the 
beds. 

Samples of seed were sometimes obtained after the general 
planting had been made. The plants from such seed often made poor 
growth until late spring. These small plants were almost always less 
severely diseased than those of the lots planted earlier. 

In late spring, usually about the first of May, the best plants were 
taken from the iiotbeds to a cloth enclosure,® and seeds were obtained 
from most of them. Seeds thus obtained were tested again in the 
hotbed the following season. The best plants were also used as parents 
in the breeding program. 

When sufficient seeds were available, duplicate rod rows were planted 
in the field on land that had grown peas for two or more consecutive 
years. No attempt was made to inoculate the field-grown plants, and 
the amount of infection varied considerably from year to year, de- 
pending on the rainfall. In some years a large proportion of the plants 
growing in the field were killed by freezing ancf disease. 

In addition to stand counts made in late autumn, notes were taken 
at irregular intervals, usually two or three times during the spring 
months. The final observations were made in late April or early May. 
The ratings made at this time were used as the best obtainable 
criterion of the resistance of the plants. 

Hotbed space, seed, and labor were not available in sufficient 
quantity to permit the planting of enough replications to make a 
statistical study of the data worth while. The fact that the control 
pots in different parts of the same hotbed varied widely showed that a 
large number of replications would have been necessary to establish 
statistically significant differences. In view of these variations it was 
concluded that only the rating denoting the most severe infection could 
be accepted as indicative of the susceptibility of a variety. Often 
ratings were influenced by place -effect, seasonal growth rate, and 
doubtless other factors not always recognized. When possible, doubt- 
ful ratings were checked in repeated hotbed tests as well as in field 
plots. 

The plants were rated as follows: Immune, highly resistant, re- 
sistant, moderately resistant, psceptible, and very susceptible. No 
counts were made. The most important items considered in making 
the ratings were (1) killing of the plants, (2) extent of the damage to 
the lower part of the stem and percentage of stem involved, (3) num- 


' See footnote 3, p. 181. 
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ber of basal leaves that had been killed, and (4) severity of spotting 
and amount of dead tissue in the upper leaves. 

It was found that, even though the pots inoculated with the two 
fungi were kept in separate hotbeds, the distance between them was 
not sufficient to prevent the spread of the fungi from one bed to the 
other. Consequently there was a mixture of the two fungi in both 
beds, especially by late spring. Since the symptoms produced by the 
two fungi are so nearly alike, it was impractical to dinerentiate plants 
affected oy them. Likewise, septoria leaf spot sometimes was preva- 
lent early in the spring as a result of natural infection. It was im- 
possible, therefore, to give to each lot of plants a rating that would 
denote its true reaction to either of the fungi tested. Such ratings, if 
desired, must be obtained by other experimental methods. The results 
presented in this paper must be considered as a composite reaction of 
the plants to inoculation with Ascochyta mnodella and Mycosphaerella 
mnodes and to a slight extent to natural infection with Septoria pisi 
West. Whenever possible, however, injury caused by Septoria was dis- 
regarded. From many viewpoints composite results of this nature are 
not the most desirable, but they represent exactly the condition found 
in the field. Since the objective of these tests was to find breeding 
stock that would survive this combination of diseases, the methods were 
considered suitable for the purpose. 

SYMPTOMS USED IN RATING RESISTANCE 

Although several thousand plants were inoculated and studied, 
there was not found any single symptom that would consistently dif- 
ferentiate the diseases caused fey Ascochyta pinodella and Myco- 
sphaerella pinodes under the conditions of these experiments. The only 
certain method of determining which fungus was present was to make 
isolations. The study of pycnidia often present on dead parts was also 
helpful. The symptom most commonly found early in the spring was 
a browning or blackening of the base of the stems, which usually 
started just below the surface of the soil. In very susceptible varieties 
the stem was decayed entirely through in a relatively short time and 
the plant died ; in other varieties the damage was more superficial, and 
death came moi-e slowly, if at all. Some plants tested were already 
killed, or neaaiy so, when the Austrian Winter plants showed almost 
no disease. There w^ere all gradations between these extremes. 

Another prominent symptom was leaf spot. Usually this did not de- 
velop in abundance until later in the spring, when it varied in severity, 
depending largely on weather conditions. The leaves were killed from 
the base of the plants upward. Sometimes 6 inches to 2 feet of the 
ends of the vines still had green leaves at the time the experiment was 
discontinued. In wet seasons all of the green leaves were more or less 
spotted, but when conditions were less favorable for infection some of 
the leafiets at the ends of the vines had few or no lesions. 

The presence or absence of leaf spotting, especially late in the 
spring, w^as of doubtful value as an aid in rating the different lots. 
Many of the plants grew rapidly and produced long vines that climbed 
over the tops of the other plants or the sides of the* bed where there 
were free air circulation and consequent rapid dissipation of rain 
and dew. Other plants grew slowly, and their tops always remained 
near the ground where the humidity was higher. 
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The spotting of pods was of no importance in this work, since the 
experiments were largely discontinued before pods were formed. 

The plants of certain varieties grew rapidly throughout the season, 
whereas those of others grew slowly and made almost no growth during 
the colder winter months. In tne former group were most of the 
English, or garden, peas {Pisum sativum ) ; in the latter group were 
the more winter-hardy types such as the Austrian Winter peas. The 
diseases frequently appeared to make progress in proportion to the 
rate of growth of the plant, so that the stems of rapidly growing 
plants often quickly decayed and the plants were killed or nearly 
killed (fig. 1) at a time when the slower growing plants still remained 



FiGuac 1. — Field pea plants from an inoculated Imported lot of s^, typical of 
the rapid-growing type of plant, as they appeared on February 12, 1941. 
Practically all of the lower leaves had been killed, and large dark-brown 
lesions were present on the stems. All of the plants were dead on March 26. 
Xbey were planted at the same time and treated the same as those shown in 
figures 2 and 8. X 
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fairly free from disease (figs. 2 and 3). The slower growing lots in 
turn became severely diseased when they started rapid growth in the 
spring. The final result, insofar as the total amount of disease was 
concerned, was about the same by late spring, although some lots lived 
to produce much more green weight than others. 



Fkuire 2. — Inoculated Au.strian Winter field peas from a hotbed as they appeared 
on February 12, 1941. Some very small stem and leaf lesions caused by Asvoch- 
yta pinodella and Mycosphavrella phiodcs were evident, and some of the lower 
leaflets had been killed by Septoria pisi. In general, however, the plants wei*e 
still fairly healthy as compared with those shown in figure 1. X 


EXPERIMENTAL RESULTS 


In some experiments a few isolated lots of Pisvm sativum showed 
some resistance, but when retested they too were very susceptible to 
Ascochyta pinodella and M ycosphaerella pinodes. The named va- 
rieties and the unnamed strains of Pisum sativum^ the unnamed strains 
of Pisum spp., and the lots of seed with numbers only that were rated 
as very susceptible follow. 


Varieties of Pimm sativum: 
Admiral (F, C.‘ 29931) 
Advancer (F. C. 30049) 
Agnes No. 7 (F. C. 29911) 
Alah 


Varieties of Pisum sativum — Con. 
Alaska (F. C. 29932) 

Alberta Blue (F. C. 29983) 
Alcross (F. C. 30051) 
Alderman (F. C. 30052) 


* F. C. refers to accession numbers of Division of Forage Crops and Diseases. 
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Fjgure 3. — Iiiociilateci plt^nts of a double cross from the same hotbed as those in 
figures 1 and 2 as they apijeared on February 12, 1941. Tliese plants made 
slow growth and remained healthy much longer than the rapid-growing type 
shown in figure 1. They had been rated as very highly resistant to Ascochyta 
and Myoosphaerella on January 31 : but, like the Austrian Winter plants shown 
in figure 2, they were rated as very susceptible on April 28. X 


Varieties of Piaum sativum — Con. 
Alfred (F. C. 29984) 

Allan Canner (F. C. 30053) 
American Wonder (F. C. 30054) 
Amraotl (F. C. 29935) 

Andes (F, C. 29936) 

Arabelle C. 30073) 

Archer (F, C. 29937) 

Arthur (F. 0. 29938) 

Arthur 108 (F. C. 29939; F. C. 
30055) 

Austrian Winter* 

Bangalia (F. C. 29940) 

Belgium Sugar (P. I.* 137124) 
Benah 

Black Bye (F. C. 29913) 
Black-eyed Marrowfat (F. C. 
22431) 

Bliss Everbearing 

Blue Bantam (F. C. 30057) 

Blue Imperial (F. C. 29942) 

Blue Prussian (F. C. 29941 ; F. C. 
30058) 

Bothnia (P. 1. 137174) 

Brown Abyssinian 

Canadian Beauty (F. C. 20943; 

F. 0. 29944) 

“Oapucynerii** 


Varieties of Piaum sativum — Con. 
Carlton (F. C. 29945) 

Chancellor (F. C. 29946) 

Chang (F. C. 29914 ; F. C. 30059) 
Chinese Purple (P. I. 137118) 
Clamart (F. C. 29915) 

Colorado Marrowfat (F. C. 29947) 
Concordia (P. 1. 137175) 

Cossacks (F. C. 29948) 

Creole 

Cudoiz 

Daniel O’Rourke (F. C. 29949) 
Dashaway (F. C. 30060) 

Delano (F. C. 29950) 

Desl (F. C. 29961) 

Dwarf Telah 

Earliest Perfection (F. C. 300(53) 
Early Britain (F. C. 29952) 

Early Briton (F. C. 30061) 

Early Perfectah 
Early Perfection 
Early SabUas 

Early Washington (F. C. 30062) 
Early White (F. C. 29953) 
Express 

Farnham (F. C. 29956) 

First and Best (F. C. 29957) 
French Gray (F. C. 29916) 


*78 lots from different sources. 

•P. I. refers to accession numbers of Division of Plant Exploration and Introduction. 
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Varieties of Pisum sativum — Con. 
French June (F. 0. 29958) 

Frlale (F. C. 29969) 

Giant Edible Pod 
Golden Marrow (F. C. 29917) 
Golden Marrowfat (F. C. 30065) 
Golden Vine (F. C. 22429) 

Gradah 

Gradus (F. C. 80066) 

Green (F. C. 29961) 

Green Scotch (F. C. 30067) 
Greenville Nitrogen (F. C. 19003) 
Gregory (F. C. 29962) 

Grey Winter (F. C. 29963) 

Gyllen (P. 1. 137176) 

Hanford’s Canner (F. 0. 30068) 
Hangchow (F. C. 29964) 

Harrison Glory (F. C. 30069) 
Hawley’s Improved (F. C. 30070) 
Hero (P, I. 137177) 

Home Delight 
Horal (F. C. 30071) 

Horsford Market Garden (F. C. 

30072) 

Hundredfold 

Kaiser (F, C. 29970; F. C. 30074) 
Killarney (F. C. 29969) 

Kron (P. I. 137178) 

Laxton Progress 
Lima (F. C. 29918) 

Lincoln (F. C. 31015) 

Little Gem (F. C. 30075) 

Little Marvel (F. C. 30076 ; F. <\ 
30077) 

MacKay (F. C. 29971) 

Maple Pea (F. C. 29922; F. C. 
29920) 

Marchioness (F. C. 29972) 
Marcrosse (F. C. 29973) 

Marrow 

Marscot (F. C. 29974) 

Marvel 

Mash (F. C. 29975) 

May 

McAdoo 

McKay Blackeye (F. C, 22430) 
Merhaim 

Meyer (F. C. 29976) 

Minn. No. 95 (F. C. 29977) 
Multiplier (F. C. 29978; F. C. 
29979) 

Nelson (F. C. 29980) 

Ne Plus Ultra (F. C. 30080) 

New Canadian Beauty (F. C. 
29919) 

New Perfection (F. C. 29981) 
Nott’s Excelsior (F. C. 3C079) 
Openshaw (F. C. 29982) 

Ostgota Green (P, I. 137180) 
Ostgota Yellow (P. I. 137181) 
Ottawa (F. C. 30082) 

Papago Indian Pea 
Paragon C. 29088) 

Partridge (F. C. 29984) 
Peluskchka (F. a 29965) 


Varieties of Pisum sativum — Con. 
Pelusker (P. I. 137182) 

Potter (F. C. 29986) 

Premah 

Premium Gem (F. C. 30086) 

Prince of Wales (F. C. 30087) 
Profusion (F. C. 30084) 

Recordah 
Red Pea 

Rice Extra Early (F. C. 30090) 
Rice No. 13 (F. C. 30088) 

Rice No. 300 (F. C. 30089) 

Rogers K 
Sabljas 

Sacton Progress (F. C. 30092) 

Sand Pea (F. C. 93979) 

Sato (F. C. 30C91) 

Scarlet 

Scotch (F. C. 29987; F. C. 29988) 
Scotch Blue (F. a 29989) 

Senator (F. C. 30093) 

Shanghi (F. C. 29090) 

Smiley (F. C. 29991) 

Solo (P. I. 137183) 

Stratagem (F. C. 30094) 

Sugar Edible Podded 
Sunrise (F. C. 30095) 

Surprise (F, C. 30096) 

Sweet Field Pea 

Tall Grey Sugar (F. C. 30097) 

Tall Telephone (F. C. 30C98) 
Telefon 

Thracian Field Pea 
Tom Thumb (F. C. 30099) 
Torsdag II (P. I. 137184) 
Victoria (F. C. 29998) 

Vida (F. C. 29994) 

V’s No. 2 (F. C. 29995) 

Walah 

Warshauer (F. C. 29996) 

Well wood (F, C. 29997) 

White Australian (F. C. 29998) 
White Canada (F. C. 22424; F. C. 
29999) 

Willett’s Wonder 
Windsor (P. 1. 137121) 

Wisconsin Early Sweet (F. C. 
30103) 

Wisconsin Perfection ^ (F. C. 
30105) 

Wisconsin Perien (F. C. 30104) 
World’s Pride (F. C. 30000) 
Wyoming Wonder (F. C. 30100) 
Yellow Admiral (F. C. 30001) 
Unnamed strains of P, sativum: 

A~15 (Iraq) 

A-16 (China) 

F. C. 30002 
F. C. 30003 
F. C. 30004 
F. C. 30005 
F. C. 30107 
F. C, 30108 
F, C. 80129 
F. C. 30130 
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Unnamed strains of P, sativum — Con. 

F. C. 30131 
F. C. 30640 
F. C. 30641 
F. C. 30642 
F. 0. 30859 
F. C. 31499 
P. I. 19710 
P. I. 24262 
P. I. 92108 
P. I. 125672 
P. I. 125673 
P. I. 125889 
P. I. 125840 
P. I. 131883 
P. I. 131884 
P. I. 134271 
P. I. 134646 
P. I. 135920 
P. I, 137120 
P. I. 137122 
P. I. 137125 
P. I. 138945 
Wade’s N802-2-1 
Soil Conservation Service No. 20- 
489 


Unnamed strains of Pisum spp. : 
F. C. 30193 
P. I. 126341 
P. I. 141896 

Lots of seed with numbers only : * 
F. C. 60581 
P. C. 60583 
P. C. 60888 
F. C. 60890 
P. C. 60901 
F. C. 60904 
F. C. 60905 
F. C. 60915 
F. C. 60922 
F. C. 60962 
F. C. 61751 
P. 0. 62439 
P. C. 87979 
P. C. 87980 
P. C. 87983 
F. C. 90472 
F. C* 90474 
F. C. 90759 
F. C. 91192 
F. C. 93978 


* 20 unnamed, unnumbered lots from different sourees also tested. 

Three lots of Pinum elatim Stev. (P. 1. 120622, P. 1. 120629, and P. I. 
141891) were slightly resistant in the early stages of growth. The 
same was true of a wild species of Pisum from Turkey (probably also 
P. elatiw, F. C. 30199) . Lathyms thigitauvs L. was moderately re- 
sistant, Z. sativm L. resistant, and Z. hinutus L. immune. 

The fact that the .strains of Pisum elatius were, of the slow-growing 
type may partly explain their seeming resistance early in the season. 
Some plants of this species have been used in breeding experiments, 
and their progenies were tested over a period of several years. At 
present there is little evidence to support a conclusion that hybrids 
having P. elatius genes are any more resistant to Ascochyta pinodella 
and MycospJiaereUa piiiodcs than others without them. In the present 
work it was necessary to obtain winter hardiness in a hybrid before it 
could be tested under field conditions. In order to breed winter hardi- 
ness into a line haying P. elatius genes it was necessary’ to cross it and 
then backcross it with a winter-hardy variety. Even in such a cross a 
large proportion of the progeny was lost from freezing. In view of 
this complicating factor it may be desirable to explore the possibility 
of using this species as a source of germ plasm under other conditions. 

There is real resistance in the genus Lathyms^ but all attempts to 
cross Lathyrus spp. with the Austrian Winter pea have failed. 


DISCUSSION 


It should be emphasized that the objective of the present study was 
to find a pea that is more resistant than the Austrian Winter to As- 
cochyta pinodella and Mycosphaerella pinodes. Whether it would 
have been practical, or for the present purpose desirable, to devise some 
method that might have made it possible to detect smaller differences 
m resistance, if such exist, may be debatable. Certainly considerable 
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difference in resistance was evident early in the course of the experi- 
ments; some plants were killed before others, such as the Austrian 
Winter and some of the new lines developed by breeding, had suffered 
any appreciable damage. These seemingly more resistant types, how- 
ever, gradually succumbed as the season advanced, so that for the pur- 
pose of the present study there seemed to be little point in attempting 
to record these early differences. 

It is true that the methods used put the plants to a very severe test, 
because the time over which the plants were exposed to the action 
of the fungi was very long, namely about 6 or 7 months as compared 
with about 2^^ months required for many of the summer-grown gar- 
den and canning peas to complete their life cycle. The types of pea 
that remained dormant or grew more slowly during the winter months 
suffered little from disease during that period, whereas those that 
grew more or less all winter were correspondingly more severely in- 
jured by the fungi early in the season. 

In general the writer’s results agree with those of other workers. 
Seal ® stated that he and Albrecht made a systematic search for species, 
subspecies, and varieties of Pisum and tested them for resistance to 
Mycosphaerella pinodes. So far as they could determine there was no 
marked difference in resistance to the fungi tested. After spending 
several years trying to develop a winter-hardy pea resistant to 
Ascochyta pinodella and M. mnodes^ Ogden ^ concluded that he had 
found no strain resistant to tliese fungi. Noll ® found that field peas 
(P. arrense) are more resistant to A. pinodella than are garden peas 
{P, sativum). Hare and Walker® tested 100 strains and varieties of 
P. sativum and concluded that no indication of practical tolerance to 
the ascochyta blight was found. Jones tested the resistance of a 
large number of varieties of garden peas to A, pinodella^ A. pisL and 
M. pinodes. He found no varieties immune from any of these lungi 
but listed the Admiral 17.78, Advancer, Badger Special, Badger 20.140, 
Champion of England, Horsford, and Perfection as only slightly sus- 
ceptible to M. pinodes and A. pisL The Horsford Market Garden was 
the most resistant to all three of these fungi. 

Ascochyta pisi^ as well as A. pinodella and Mycosphaerella pinodes^ 
produces ascochyta blight of Pisum spp. Since the Austrian Winter 
variety appears to be highly resistant to A. pm, however, this fungus 
was not used in the present studies. Although it did produce a few 
lesions on the leaves of susceptible varieties as a result of natural in- 
fection, these lesions were never numerous enough to interfere with 


• Seal, J. L. the mycosphaerella disease of winter peas, and diseases of 

WINTER PEAS AND VETCHES CAI’SED BY ASCOCHYTA SPECIES. Ala. Agr. Expt. Sta. 
Add. Rpt. (1937 ) 48 : 24-25. [1988.] 

OoDEN, H. P. WINTER PEA BREEDING. Tenii. Agr. Expt. Sta. Ann. Rpt. (1935) 
48: 11-12. [1936.] 

• Noll, W. I^er weitere befallsymptome und massnahmen zur verhOtuno 

VON SCHADEN DURCH ASCOCHYTA PINODELLA JONES, A. PISI LIB. UND MYCOSPHAERELLA 
PINODES (BERK. u. BLOx.) STONE BEi ERBSEN. Ztschr. f. Pflanzenkrank. 50: 
[491-71, Ulus. 1940. 

• Hare. W. W., and Walker, J. C. ascochyta diseases of canning pea. Wis. 
Agr. Expt. Sta. Res. Bui, 160, 31 pp., lllus. 1944. 

^ Jones, L. K. studies qf the nature and control of blight, leaf and pod 

SPOT. AND rOOTROT OF PEAS CAUSED BX SPECIES OF ASCOCHYTA. N. Y. State Agt. 

Expt. Sta. Bui. 547, 46 pp„ illus, 1927. 
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note taking. Not all of the varieties listed as resistant to ascochyta 
blight by some writers were tested in the present investigations. It 
seems probable that such varieties as were tested failed to show resist- 
ance because of thb severity of the method used and the long period 
over which the plants were exposed to the ravages of the disease. 

SUMMARY 

The results of 10 years of testing various varieties and strains of field 
and garden peas {Pisum sativum^ have failed to disclose the existence 
of a pea that possesses any appreciably greater degree of resistance to 
Ascochyta pinodella or Mgcosphaerellapinodes than does the Austrian 
Winter under the conditions of the experiments. Over 160 named 
varieties and many numbered and unnamed lots, some from several 
different sources, were studied. Pisvm elatius and a wild pea from 
Turkey (probably P. elatius or a close relative) appeared to possess 
some resistance under the conditions of the experiments. Whether this 
was due to a transmissible character seems doubtful, since progeny 
from crosses in which these peas were used as a parent failed to show 
much if any increased resistance. 

The strain of Lathyrus hirsutus used proved to be immune from the 
fungi studied, that of Z. satwus was resistant, and that of Z. tingitanm 
was moderately resistant. All attempts to cross these species of 
Lathyrus with the Austrian Winter pea failed. 


u. f. aovtimitiiT pitiMTiiia orriett t»47 





JOH OF Maim REMS 

VoL- 75 Washington. D. C.. Ocn’oiiEit 1 . 15 , 1947 Nos. 7 , 8 


POLLEN DEGENERATION IN MALE-STERILE SUGAR 
BEETS. WITH ST^E(’IAL REFERENCE TO THE TAP- 
ETAL PLASMODIUM ' 

I5y Ernst Artsi iiwageu 

Senior plant anatonuMt, Dirinion of Suffar Plant Invvfttif/atiom^ Bureau of Plant 
Industry, Soils, and Ayrieultnral Pnyineeriny, Afjrivultural Research Admin- 
istratioHf Ignited States Department of Agrieulttire 

iNTa<>r>r< TioN 

When male-sterility in sugar heels (BeD/ eitlgariH L.) is cyto- 
plasmieally inlierited, completely male-sterile plants bear white, empty 
anthers. Normal pollen mother cells and normal microspores are pro- 
du(‘€d, but the microspores fail to develop fully and disintegrate by 
the time the flowers open. 

Tn the semi-male-sterile types, small, nonviable pollen grains are 
formed but the anthers usually do not deliisce. Sometimes Auable 
pollen is produced by some braiudies of the inflorescence, and occasion- 
ally white anthers aiid yellow ones are borne within the same flower {J 4 ,) . 

t^)Uen abortion, especially in hybrids of plants with different 
chromosome numbers, usually is the result of abnormal meiotic 
divisions; in sugar beets, however, the writer observed a difl'eient type 
of pollen degeneration in which the anther tapetum, through the devel- 
opment of a plasmodium, jdays an important role. 

Tapetal plasmodia and less prominent forms of the same phenome- 
non are not uiu'ommon and may be regarded as normal in those plants 
in which they have been descrilKnl (6*), but as a pathological condition 
they seem to have been mentioned but once in literature (7) . In sugar 
l:)eets the tapetal plasmodium dominates the pathological picture from 
its ince])tion to the destruction of the microspores. 

MATEKIALS AND METHODS 

Terminal branches of sugar-beet inflorescences, fixed in Carnoy’s 
fluid, were sent to the writer by F. V. Owen, of the United States 
Department of Agriculture Sugar Plant Laboratory, Salt Luke City, 
Utah. The material was taken from beets exhibiting cytoplasmically 
inherited male-sterility. For comparison, male-sterility not cyto- 
plasmically inlierited was also studied. The completely male-sterile 
and semi -male-sterile forms were derived by Owen “directly or in- 
directly from the sugar-beet variety U. S. 1 . . . , which was the first 

of the curly-top-resistant sugar-beet varieties released by the United 
States Department of Agriculture” (4^, p. 1^28) . 


* Received for publication February VA 1947. 

* Italic numbers in parentheses refer to Literature Cited, p. 197. 
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The usual methods of dehydrating and embedding in paraffin were 
employed. The sections were cut 5/i to IO/a thick and stained with 
Heidenhain’s iron-alum haematoxylin and chromotrope. 

All photomicrographs were taken on Wratten M plates with B r>8 
and E 22 filters used singly and in combination. 

THE ANTHER TAPBTUM DURING NORMAL MICROSPOROGENESIS 

Since microsporogenesis in normal sugar-beet flowers has been de- 
scribed in detail elsewhere (i)^ the discussion here will be limited to 
the behavior of the tapetum, which plays a major role in pollen abortion 
of male-sterile sugar beets. 

A cross section through a young anther lobe (pi. 1, A) shows a 
central strand of dark-staining primary sporogenous tissue sur- 
rounded by a series of parietal wall layers. The first periclinal division 
in the primary parietal cells gives rise to two layers (pi. 1, A), which 
divide once more in a periclinal fashion. The parietal tissue is cnm- 
})osed of a tapetal layer, two or more middle layers, and the endo- 
thecium, lying just beneath the epidermis. The cells of the endothe- 
cium enlarge late in ontogeny and develoj) the characteristic fibrous 
thickenings (pi. 1, F), which are related to the dehiscence of the 
anther. 

Although there is mu(*h controversy in literature concerning the 
origin of the tapetum, in sugar beets it appears to be derived from the 
inner parietal wall layer since the primary sporogenous tissue (pi. 1, 
A) is already well differentiated before the second periclinal division 
in the cells of the parietal tissue takes place. The cells of the young 
tapetum are nearly isodiametric (pi. 1, i?) . The single nucleus is large 
and almost fills the cell lumen. Beginning with synizesis, the tapetal 
cells enlarge radially and become binucleate (pi. 1, C), Each nucleus 
contains one large nucleolus and parietal or diffuse chromatin gran- 
ules. Some of the tapetal cells may contain compound nuclei (pi. 1, 

D). The cytoplasm is very dense and stains more intensely than 
that of the pollen mother cells. 

The nuclei and cytoplasm of the tapetum indicate strongly a meta- 
bolic relation between tapetum and developing microspores. This 
active phase is maintained throughout the two meiotic (livisions and 
the liberation of the microspores irom the tetrads. With the progres- 
sive enlargement of the anthers and the growth of the pollen grains, 
the tapetal cells become tangentially elongated, the nuclei undergo 
chromatolysis, and the nuclear substance mingles with the degener- 
ating cytoplasm (pi. 1, iF). In anthers ready to dehisce the tapetum 
has completely disappeared or may be seen as a pale narrow band 
lining the anther cavity (pi. 1, fi). Remains of small, shrunken 
nuclei may also be discerned. 

POLLEN ABORTION IN COMPLETELY MALE-STERILE SUGAR BEETS 

CVTOPLASMICALLY INHERITED TYPE ASSOCIATED WITH A TAPETAL 

PLASMODIUM 

In many of the lower plants and a number of angiosperms the walls 
of the tapetal cells break down and allow the protoplasts to coalesce 
and form a tapetal plasmodium (5). This flows in among the im- 
mature spores and contributes to the development of their coats. 



PLATE ! 



Normal niicrosporogenp^is in sugar beet : Young antber lobe with central pri- 
mary sporogenous tissue and wall layers; B, older anther showing differentia- 
tion of taiKJtum; C. binucleate tapetnm during synizesls of pollen mother cells; 
D, binucleate tapetum during formation of tetrads; E. degenerating tapetum 
and pollen grains with thickened exine; F, completely degenerated tapetum, 
endothecium with wall thickenings, and mature pollen. X 850. an «?, Anther 
wall ; end endothecium ; p m c, pollen mother cell ; p te, pollen tetrads ; sp #, 
sporogenous tissue ; top, tapetum. 




Early stages of plasinodial development in anthers of cy topi asm ieally inherited 
male-sterile sugar beets : A, Early stage in the development of perlplasmodium ; 
B, somewhat later stage with perlplasmodium making pseudopodiumllke in- 
cursions into anther cavity ; note larg^i nuclei and vacuoles. X 850. wio, Micro- 
spores ; pcrU iJeriplasmodiuni. 
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In the monocots investigated by Clausen {2) there are distinct types 
of plasmodial formations sufficiently different to have taxonomic im- 
portance. In many forms the tapetal cells, after the walls separating 
them have been dissolved, make pseudopodiumlike incursions into the 
anther cavity; a common plasmoaium that surrounds the pollen grains 
is finally formed. Embedded in the plasmodium are the nuclei of the 
tapetum. When the pollen grains have developed the exine, the plas- 
ma of the plasmodium diminishes and the nuclei begin to degenerate; 
the chromatin threads break up and become pale; and finally only 
pollen grains remain. 

A case of plasmodium formation in connection with pollen degenera- 
tion in Ratmnealus acris L. has been described by Whyte (7, p. 1S7), 
In the hennai)hi*odite normal plant there is a considerable interval in 
the reduction processes in anthers and ovules in a given flower. Wliere 
the reduction divisions occur almost simultaneously, the tapetum in 
the anthers fails to function and cessation of pollen formation results. 
As a direct consequence, the (‘ells of the tapetum “ . . . hitherto nor- 
mal . . . break apart leaving their usual situation along the wall of 
the pollen sac, ; coalescence of several cells may then take place forming 
large ])lasmo(lial masses . . . the whole occupying in many instances 
the greater part of the pollen sac."’ Ileie then is an instance where a 
normally useful plasmodium causes irreparable injury to the pollen. 

The cytology of meiosis in male-sterile sugar beets agrees in every 
detail with that in normal sugar beets. The young mi(‘.rospores may 
still be associated in the tetrads when the cells of the tapetum begin to 
belnlve in an abnormal manner, llie boundaries of the tapetal cells 
break down, and the (‘ontents flow together to form a periplasmodium 
( 1 ) 1 . 2 ,^). 

From its early development to its degeneration the cytoplasm of the 
plasmodium is very dense and contains (onspicuous vacuoles. The 
nuclei are large (pi. 2, B) and often are bunched in great numbers 
ipl. A), suggesting an increase over the number present in the 
original cellular tapetum. The nuclei are round, narrow oval, or some- 
times lobed. Most of them contain one large nucleolus and peripheral 
chromatin granules of various sizes. Some niurlei appear d('finitely 
compound, (‘ontaining two or tliree large nucleoli. 

Most of the young microsj)ores appear normal. Each microspore 
lias a large nucleus emb(‘<lded in dense cytoplasm which, perhaps as 
a result of fixation, is slightly shrunken away from the spore wall (pi. 
2, /i) . There is a single large nucleolus. In some of the dark-staining 
micros[)ores there may also be seen large chrojnatin granules resem- 
bling typical (‘hromo(*enters. Some of the microspores have become 
pycnotic and stain black. In a few of these a dark-staining nucleus 
containing large chromatin granules is discernible under intense 
illumination. The spore wall is very thin, and it fails to thicken even 
late in ontogeny. Some microspores are represented by spore mem- 
branes only, all cell contents having disappeared. 

The plasmodial jacket inci-eases in width unequally. Here and 
there it bulges prominently into the anther cavity (pL 2, i?). These 
broad pseudopodiumlike incui'sions never become detached from the 
main jacket md never surround the microspores as they do in plants 
in which the appearance of a plasmodium is considei*ed a part of 
normal microgenesis. 
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With the growth of the plasmodium the microspores are crowded 
into the narrowing lumen of the anther (pi. 8,-4). So far there has 
been no noticeable structural change within the microspores except 
that additional ones have become pycnotic. There is no increase in 
thickness of the spore membrane. 

After the plasmodium has attained maximum development, it be- 
gins to degenerate. Tlie cytoplasm is first affected. It becomes 
coarsely alveolar (pi. 8, Z?) and then stringy (pi. 4, B) . In its alveolar 
state it stains rather light; but later it retains the stain more tena- 
ciously (pi. 4, 41), and tne cytoj)lasmic strands finally stain black (pi. 
4, B). The large nuclei of the plasmodium are at first little affected 
(pi. 3, 5), but with increased destruction of the cytoplasm they also 
exhibit signs of degeneration. At the beginning there is an increase 
in the number of peripheral chromatin granules in the nucleus and a 
deeper staining reaction (pi. 4, A), but they retain a certain degree 
of organization even after the complete disorganization of the cyto- 
plasm. 

According to Kostoff (5), evidently only the cytoplasm possesses 
the ability of self -regulation, being able to extract foreign substances 
and those not of immediate use and to deposit them in vacuoles. The 
nucleus is always more susceptible to foreign agents, and it is killed 
by poison before the cytoplasm is irreparably injured. When the plas- 
modiuni in male-sterile sugar beets is in its ascendancy, the large 
vacuoles, which are a notable feature of the organization of the plas- 
modium (pi. 2, iS), may be places of storage for excess waste products 
lesulting from unusual metabolic activities. These waste products 
may be released wnth the advent of plasmodial degeneration and may 
hasten the destructive processes which begin after the jieak of plas- 
modial development has been reached. According to Kostoff, one 
would expect an early destruction of the nuclei, but the cytoplasm de- 
teriorates before there are recognizable pathological changes in most 
of the nuclei. Nevertheless it seems that with the disappearance of 
the protecting vacuoles the cytoplasm would become more susceptible 
than the nuclei. 

The microspores continue to show little damage even though they 
become increasingly compressed and in their entirety take on a honey- 
comb structure (pi. 5). With the complete disintegration of the 
plasmodium the microsiiores are finally destroyed. The anther cavity 
becomes empty except for a strand of blackened matter, which oc- 
casionally still shows evidence of cellular structure. 

CYTOPIiASMlCALLY INHERITED TYPE ASSOCIATED WITH A CELLULAR 

TAPETUM 

Pollen abortion not associated with a tapetal plasmodium frequently 
occurs ; but while the flowers of a cluster may exhibit both types of 
degeneration, within a given flower only one type prevails. 

In cases not involving a plasmodium, the tapetum remains cellular. 
It forms either a narrow lining (pi. 5, A, 5) in which the individual 
cells may be stretched tangentially (pi. 5, j?) or a very broad jacket 
with the cells meeting almost in the center. The former type is more 
common. Under low magnification the anther cavity appears large, 
round, and partly filled with microspores in various stages of degenera- 
tion (pi. 6, C) . The tapetal cells are completely filled with fine gran- 
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('ouiparatlve stages of plasinodial development in anthers of cytoplasmically 
inherited male-sterile sugar beets. A, Periplasmodium at peak of develop- 
ment; note that some of the inicrospores are normal, while others are de- 
generate. X 450. B, Degeneration of plasmodium more advanced In the left 
anther lobe than In the right one. X 385. mic. Microspores ; peri, periplas- 
modium. 
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PLATE 4 




Advanced stages in degeneration of plasniodiuiu in cytoplasinically iniierlted 
male-sterile sugar beets. A, Degeneration in anther plasmodium ; note that 
some of the plasinodial nuclei stain black and that the microspores in the 
cfenter are compressed in such a way as to resemlde a honeycomb cellular 
structure. B, Final stage in degeneration of plasmodium ; the cytoplasm has 
become stringy, the nuclei are disorganized and black, and the microspores 
In the center are compressed. X 850. mic. Microspores ; peri, perlplasmodium. 
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Plate 6 



Pollen degeneration In noneytoplasmlcally inherited male-sterile sugar beets: 
A, Anther with cellular tapetum and fully develoi)ed endothecium; J5, Anther 
with tapetum and pollen completely degenerated. X 850. end, Endothecium ; 
microspores; tap, tapetum, 
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ular cytoplasm, in which the nuclei are barely discernible. Vacuoles, 
which are a prominent feature of the plasmodium, are w^anting. The 
nuclei are small or medium large and usually compressed tangentially 
(pi. 5, B) . The tapetal cells at the ends of the anther are shorter, and 
the nuclei are larger and almost spherical. Most nuclei have a very 
large nucleolus and a varying number of chromatin granules; some 
have several nucleoli and are definitely compound (pi. 5,-4). 

Some of the young microspores appear normal and look like those 
developing in association with the periplasmodium, but the majority 
have become pycnotic and stain black (pi. 5, B^C), 

Degeneration of the microstores begins rather early, sometimes be- 
fore they are liberated from the tetrads (pi. 5, .1). The affected mi- 
crospores, including those still in tetrads, are completely black, but 
under intense illumination a nucleus is still discernible in some of 
them. The outer margin of the blackened microspore is finely serrate 
or prickly and slightly retracted from the thin, hyaline spore wall. 

Progressive degeneration of nuclei and cytoplasm in the tapetal cells 
is like that observed in normal microgenesis, so that it is difficult to 
ascribe to the tapetum any harmful influence on the developing micro- 
spores. But whatever the cause is, the effect is swift and lethal and 
there are seldom intermediate stages. Death often overtakes the spores 
Avhile they are still in the tetrads, and those that are affected later show 
little or no growth. The cells of the endothecium remain small and 
fail to develop the characteristic wall thickenings. 

NONCYTOPLASMICALLY INHERITED TYPE OF MALE-STERILITY ^ 

Anthers from inale-sterile i)lants of the noncytoplasmically inher- 
ited type develop the endothecium normally (pi. 0), probably because 
degeneration of the microspores is initiated later in ontogeny and pro- 
creeds more slowly so that the anther wall has had no time to mature. 
The tapetum of such anthers always remains cellular, but the cells 
composing it enlarge greatly (pi. (>, A), The microspores enlarge 
slightly and even develop a thin exine. Cytoplasm and nuclei stain 
weakly and show signs of degeneration. In some microspores the con- 
tents are blackened and contracted into a spherical mass. At a later 
stage the anthers collapse; the anther cavity appears empty except 
for a dark strand of disintegrating microspores (pi. 6, B), 

POLLEN DBtiENERATION IN SEMI-M ALE-STERILE SUGAR BEETS 

According to Owen (4)^ the semi-male-sterile types apparently 
carry the same type of cytoplasm as that carried by completely male- 
sterile sugar beets, but their apjjearance is modified by one or more 
Mendelian factors. Environmental conditions have a marked in- 
fluence on the expression of the semi-male-sterile condition, and classi- 
fication for degree of semi-male-sterility may be subject to consider- 
able variation. 

A characteristic feature of pollen sterility in semi-male-sterile surar 
beets is the lack of uniformity in the pathological picture even within 
a single flower (pi. 7, -4 ) . Some anthers are affected so completely that 
even the anther wall is destroyed, whereas others of the same flower 
are almost normal. In some anthers the tapetal cells have enlarged 
radially so greatly as to occlude the anther cavity. These cells 
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(pi. 7, J?) have in the cytoplasm large, round nuclei and vacuoles like 
those of the periplasmodium. This type of tapetum is sometimes uni- 
lateral, prominent on one side and completely lacking or underdevel- 
oped on the other. The microspores witnin such anthers show various 
stages of degeneration from a nearly normal condition to advanced 
pycnosis. 

The anthers of many flowers appear normal except that the pollen 
grains, though uniform, are relatively small. Pollen grains in others 
approach normal size, but many of them are diseased (pi. 7, C), 

Plasmodia apparently are not formed in anthers of semi-male- 
sterile sugar beets, but tlie large nuclei and cytoplasmic vacuoles in the 
radially elongated tapetal cells closely resemble those of the plas- 
modium. 

DISCUSSION 

What are tl^e causative factors in the develojnnent of the peri- 
plasmodium and why is it restricted to sugar beets that exhibit cyto- 
plasinically inherited male-sterility? The cytology of the young 
plasmodiimi suggests hypernietaboiic activity, but not to the benefit 
of the developing microspores. The plasmodium seems to develo]) with 
structural continuity even though it makes pseudopodiinnlike iiuair- 
sions into the anther cavity. Wuit causes the precipitous catabolism 
after a developmental peak is attained is a moot question. It may be 
exhaustion of food and nutrient reserves or a sudden release of meta- 
bolic waste products presumably stored in the large vacuoles. Degen- 
eration processes are moie noticeable here than in normal plasmodia 
that helj) nourish the microspores and are themselves finally absorbed. 

Still more puzzling is the question of selectivity which incites or 
inhibits the development of the plasmodium in different flowers of the 
same })lant or the same flower cluster. Q.iiite likely small inner 
environmental influences suffice to establish the choice, and once the 
impetus is given it carries on under its own momentum. 

The anther plasmodium may prove to be a valuable tool in the 
elucidation of cytoplasmic inheritance in its pure form or in associa- 
tion with Mendelian factors, especially if used on genetic material 
grown in a controlled environment. 

SUMMARY 

Pollen abortion in anthers of sugar beets with cytoplasmically 
inherited male-sterility is associated with either a periplasmodium or 
a cellular tapetum. Both types may occur within a flower cluster 
but not withm a single flower. The presence of a plasmodium some- 
what delays pollen abortion, but where the tapetum remains cellular 
some microspores are destroyed while still in tetrads and there are 
seldom intermediate stages of significant duration. 

The anatomical picture of pollen degeneration in semi-male-sterile 

EXPLANATORY LEGEND FOR PLATE 7 

Pollen degeneration in cytoplasmically inherited semi -male-sterile sugar beets. 
A, Cross section of flower; note that both contents and anther wall of one 
anther are completely destroyed. X 90. R, Cross section of an anther showing 
the circle of hypertrophied tapetal cells enclosing a few degenerated micro- 
spores in center. X 850. C, Diseased, black-staining pollen grains and normal 
ones side by side in the same anther. X 850. end, Rndotheeium ; mic, micro- 
spores; fop, tapetum. 
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sugar beets shows much variation and departs considerably from that 
exnibited by the completely male-sterile forms. The effect is at once 
severe and localized, involving at times both microspores and anther 
wall, A plasrnodium never develops, although the cells of the tapetum 
become hypertrophied and may nil the anther cavity. Such hyper- 
trophied cells have large nuclei and vacuoles like those in the peri- 
plasmodium. 

In anthers from male-sterile sugar beets of the noncytoplasmically 
inherited type degeneration of the microspores seems to be delayed. 
Here the anthers, while showing only blackened contents, have a 
mature endothecium with fibrous wall thickenings well developed. 
The tapetum remains cellular. The cells composing it enlarge greatly, 
but they disintegrate at the time the microspores are destroyed, 
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GROWTH RESPONSES OF TOBACCO SEEDLINGS IN ASEP- 
TIC CULTURE TO DIFFUSATES OF SOME COMMON 
SOIL BACTERIA! 

By Robert A. Steinberg* 

Physiologist, Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant 

industry. Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, United States Department of Agriculture 

INTRODUCTION 

The conditions that cause the development of symptoms of french- 
ing in tobacco (Nicotiam tahacum L.) plants are unknown. Low 
nitrogen, ® low acidity, and excessive moisture * have at times been 
held to be contributing factors. Nevertheless soil from fields of 
severely frenehed plants was often incapable of producing this 
morphological abnormality in the greenhouse. Abnormal plants 
transplanted to fresh soil almost always resume normal growth. The 
disorder is nontransmissible. Spencer* and others have therefore 
suggested that a labile organic substance (toxin) sometimes present 
in soils may bo the causative agent in this disease. 

Bacterial interrelations as revealed through studies with anti- 
biotics seem to indicate the possibility that similar diffusates capable 
of a direct action on plants may also accumulate in soil under certain 
exinditions. Data published by the writer ® ^ afford direct evidence 
that low concentrations of an organic substance, the amino acid dJ- 
isoleucine, in contact with the roots of tobacco seedlings in aseptic 
cultures may bring about morphological abnormalities resembling 
those of frenching. 

The present studies were therefore undertaken to determine whether 
any of the more common species of soil bacteria form diffusates 
capable of causing abnormal alterations in gross morphology of 
tobacco plants. Tlie seedlings were aseptically grown in a constant 
enviroiunent. The growth medium selected was a slightly acid mineral 
agar containing a trace of Bacto-peptone. With or without sucrose 

* Received for publication January 16, 1947. 

* The writer wishes to express his appreciation for the courtesy shown him by 
N. R. Smith, Division of Soils, Fertilizers, and Irrigation, Bureau of Plant In 
dustry. Soils, and Agricultural Engineering, who selected and furnished cultures 
of all the bacteria used. 

> Valleau, W. D., and Johnson, E. M. tobacco frenching— a nitrogen 
DEFICIENCY DISEASE. K.v. Agr. Expt. Sta. Bui. 281, pp. 175-263, illus. 1927. 

* Karraker, P. E., and Bortner, C. E. studies of frenching of tobacco. 
Ky. Agr. Expt. Sta. Bui. 349, pp. 61-109, illus. 1934. 

* Spencer, E. L. studies on frenching of tobacco. Phytopathology 25: 
1067-1084, illus. 1935. 

•Steinberg, R. A. a “frenching” response of tobacco sbbdungs to 
ISOLEUCINB. Science 103: 329-330. 1946. 

* Steinberg, R. A. growth responses to organic compounds by tobacco 
seedlings in aseptic culture. Jour. Agr. Res. 75: 81-92, illus. 1947. 
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this medium was very favorable for growth of tobacco seedlings, but 
unfavorable for the development of tne bacteria studied. 

EXPERIMENTAL PROCEDURES 

Seedlings of Xanthi Turkish tobacco were grown aseptically on 
50 cc. of a mineral agar of pH 5.5 containing 200 p. p. m. of Bacto- 
peptone in 20()-cc. Erlenmeyer flasks at 25® C. in continuous light. 
Illumination of about 500 foot-candles was furnished by 3,500® white 
fluorescent lamps. Other details of the procedure have been given 
in a previous publication.® 

Bacterial inoculation of aseptic cultures was made with a straight, 
sharpened needle, the stab being located % to 1% inches from the 
stem of the seedling. The age of the seedlings at the time of inocu- 
lation varied, the range being about 3 to 7 days. 

GROWTH RESPONSES TO VARIOUS BACTERIAL SPECIES 

The abnormalities in form of Xanthi Turkish tobacco seedlings 
grown in flasks inoculated with 27 species of bacteria are tabulated in 
table 1. Inoculations were made 1 inch from stems of seedlings in 
aseptic culture 1 week after the plant was inserted. Plants were 
harvested 3 weeks later. Of the 30 bacterial cultures 19 form nitrite 
from nitrate; 2 of the organisms, Krwinia carofovora and Phytomoms 
tumeJacienSf are plant pathogens. Two strains each of Agroba>cierium 
radiohacter, Escherichia coli, and Pseudomonas fluorescens are also 
included. 

Abnormalities in growth of tobacco seedlings were caused by 10 of 
the 25 nonpathogenic species of bacteria in the absence of sucrose. 
Erwinia carotot^ra also brought about abnormalities in gross 
morphology. Symptoms with various species differed as a rule, but 
not always. Those with Bacillus cereus and Erwinia carotovora> 
appeared identical. On the other hand, one strain of Agrobacterium 
radiobacter produced symptoms of injury in tobacco but the other did not. 
Symptoms included narrow, strap, cupped, rim-bound, and rim- 
roUed leaves and chlorosis and epinasty. Cupped and rim-bound 
leaves might be concave up or down. Chlorosis varied from general 
to reticular and gave some indication of association with the capacity 
for nitrite formation from nitrate by bacteria. Chlorosis did not 
occur as frequently with bacteria incapable of forming nitrite. The 
addition of 2 percent of sucrose to the medium led to a loss in ‘‘hor- 
monoid’^ ® action in 7 species of bacteria and a gain in 3 species. In 
no instance did the seedlings show any indication of root injury, nor 
were the bacterial colonies in actual contact with the roots. 

*See footnote 7, p. 199. 

• A hormone is defined as an organic compound formed by an organism that 
serves to regulate its cellular interrelations. The chemical compounds in the 
diffusates from these bacteria may or may not be identical in composition with 
those having a similar action in the tobacco plant. Pending proof of identity, 
the use of the term “hormonoid^' (hormonelike) is suggested. The synthetic 
growth-regulatiPg substances would fall into this category. 
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Table 1. — Symptoms of injury shown by Xanthi Turkish tobacco seedlings grown 
in aseptic cultures inoculated with 26 nonpathogenic soil bacteria and 2 phyto- 
pathogenic bacteria 

[Seedlings grown for 3 to 7 days in aseptic cultures before they were inoculated; discarded when about 

4 weeks old] 


Cul- 

ture 

No. 

Organism 

Nitrite 
pro- 
duced » 

Symptoms produced when- 

Name 

Strain 

No.' 

Sucrose absent 

Sucrose present 

1 

Aerobaettr aerogenet (Kruse) 

104-48 


Reticular chlorosis 

Reticular chlorosis. 


Beijer. 





2 

Aerobacter cloacae (Jordan) 

108-98 

+ 

White leaves; dwarfed plants. 



Bergey et al. 





3 

AgrobaclCTium radiobacter 

96-4331 

0 




(Beijer. and Van Deldcn) 
Bergey et al. 





4 

... do 

98-189 

+ 

Leaf-tip chlorosis, dwarfed 


5 

Bacillus breeds Mlg 

751 

+ 



6 

Bac lluscereus Frankland and 

342 1 

+ 

Retimlated (chlorosis) 



Frankland. 



and scalloped strap 






leaves. 


7 

Bacillus drculans Jordan 

358 

+ 



8 

Bacillus megatherium D By . . 

343 1 

0 



9 

BactUus pumtlus Qottheil 

272 

0 

Dark, nairow, down-cup- 






IxkI leaves with uprolled 






rims. 


10 

Bacillus Sphaerkus Neide. . 

348 1 

i 0 



11 

Bacillus subtilis Cohn emcM. 

231 

! + 


Light-gnsen, d warfsd 


Prazmowski. 




plant. 

12 

Baderium denitrificans Leh- 

100-12 1 

-f. 




mann and Neumann. 





13 

Bacterium globiform Conn... 

168-110 

? 



14 

Chromobacterium violaceum 

114-103 

-h 


Very faint mottle. 


(Schroet.) Bergonzini. 





15 

Corynebactenum simplex Jens 

146-47 

? 

l.*eaf eplna.‘5ty, rim uproll; 

Leaf cpinasty; 





terminal bud killea 

down- cupped 






leaves. 


Corynebacterium tumescens 

141-46 

? ^ 

Dark, narrow, down-eup- 



Jens. 



jH*d leaves with uprolled 






rims. 


17 

Ervriuta carotovora (L. R. 

171-120 

+ 

Reticulated (chlorosis) and 



Jones) Holland. 



scalloped strap leaves. 


18 

Eschertchta coli (Mig.) (’’as- 

102-80 

+ 

White leaves and bud; 



tellani and Chalmers. 



dwarfed plant. 


19 

do 

107-201 

+ 

Reticular chlorosis..- 


20 

Micrococcus luteus (Schroet.) 

101-244 





Cohn 





21 

Phytomonas tumefaciens (£. 

172 102 

? 




F. 8m. and Town.) Bergey 






et al. 





22 

Proteus vulgaris Hauser 

1354-44 

-f 



23 

Pseudomonas aeruginosa 

110-98 

4- 

White leaves and bud; 

General chlorosis. 


(Schroet.) Mig. 



dwarfed plant. 


24 

Pseudomonas fluorescens Mig 

74-210 

4" 



26 

do 

112-277 

4* ! 


White leaves and 






bud; dwarfed 






plant. 

26 

Pseudomonas ovalis Chester. 

77-180 

0 



27 

Pseudomonas schuylkilliensis 

75-180 

0 



28 

Snretna flava D By 

68-178 

0 



29 

Serratia lactorubefaciens (Gru- 

139-4J0 

+ 




ber) Bergey et al. 





30 

Serratia marcescens Bizio 

176-265 

+ 

Reticular chlorosis 

Mottled. 


1 Number of N. R. Smith, Division of Soils, Fertilisers, and Irrigations. 
> Data furnished by N, R. Smith. 
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The types of morphological abnormalities resulting from diffusates 
from bacterial colonies are illustrated in figures 1 to 4. A frenching- 
like reticular chlorosis due to the presence of Serratia marcescers is 
shown in figure 1, A: epinasty associated with Gorynebacterinm simplex 
in figure 1, B; chlorosis associated with Aerohacter aerogenes and re- 
sembling that caused by iron deficiency in figure 1, G. The seedlings 
inoculated with Aerohacter aerogenes (ng. 2, A), Gorynebacterinm sim- 
plex (fig. 2, B)j and Pseudomonas aeruginosa (fig. 2, G) illustrate symp- 
toms obtained in the presence of sucrose, namely, yellow bud, epinasty, 
and a uniform, minus-sulfur type of chlorosis. 

Figure 3 shows cultures inoculated with Gorynehacterium tumescens 
{A)y Erwinia carotovora (5), and Bacillus cereus {G)y respectively. 
The first (.^4) shows epinasty and long, narrow leaves, whereas the 
symptoms with E. caroUwora and B. cereus arc almost identical in 
appearance. The last two show a well-defined, reticular chlorosis and 
narrow strap leaves with lobed or scalloped edges. The appearance 
of reticular chlorosis preceded that of strap leaves. 

Cultures inoculated with Bacillus pumilu^ (No. 272) are shown in 
figure 4. No sucrose was added to the flask illustrated in A^ but that 
in B contained 2 percent of sucrose. Inoculation took place after 3 
days^ growth of the seedlings and at the veiy margins of the agar. 
Epinasty, marginal leaf roll, narrow leaf, and cupped leaf are visible. 

GROWTH RESPONSES TO VARIOUS STRAINS OF 
BACILLUS PUMILUS 

Further tests were made with 29 strains of Bacillus pumilus to 
determine the range of symptoms to be expected in a single spe(‘ies. 
The symptoms obtained in these tests, which were made in the absence 
of sucrose, are listed in table 2. Eighteen of the strains led to no 


Table 2. — Variations in symptoms of abnormality in Xanthi Turkish tobacco 
with different strains of Bacillus pumilus after 28 days* growth * 


Culture 

No. 

Strain 

No. 

1 

A 21 

2 

A32 

3 

A36 

4 

A 170 

6 

A654 

6 

A704 

7 

236 

8 

266 

9 

307 

10 

331 

11 

333 

12 

334 

13 

34.5 

14 

355 

15 

576 

16 

577 

17 

620 

18 

629 

19 

6;io 

20 

637 

21 

657 

22 

706 

23 

707 

24 

724 

25 

725 

26 

734 

27 

735 

28 

788 

29 

io:i4 


Symptoms of injury 


Epinasty; concave-up leaves with marginal uproll, short stem. 

Epinasty; narrow leaves with marginal uproll; tall stem. 

Dark, narrow, hooked leaves with marginal uproll and concave-down leaves. 

Narrow, concave-down leaves with marginal uproll. 

Narrow leaves with marginal ujiroll; tall stem. 

Epinasty; concave-down leaves with marginal uproll. 

Narrow leaves with marginal uproll; tall stems. 

Epinasty; concave dowm leaves; short stem. 

Reticular chlorosis. 


I.fOaves with marginal uproll. 


Retarded growth. 


Flasks lno€u]af.ed on extreme periphery when seedlings were 3 days old. 
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FifJiTRK 1, — Seedlings of Xanthi Turkish tobacco in aseptic culture after inocula- 
tion of agar 1 inch from steins with non pathogenic soil bacteria: Serratia 

rnnrrescfvs; B, Corynehacterium simplex; C, Aerobacter aeroyenes. Note the 
reticular clilorosisi in A, the epinasty of leaves and death of terminal bud in B, 
and the chlorosis resembling that caused by iron deficiency in C. 
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Figure 3. — Seedlings of Xanthi Turkish tobacco in aseptic culture after inocula- 
tion of agar at margin with various bacteria: A, Corynebacterivm tumescens; li, 
Erwinia carotovora; C, Bacillus cereus. Note narrow leaves and cpinasty in A 
and reticular chlorosis and scalloped strap leaves in B and C. 

symptoms of abnormality in the seedlings. Some seedlings in mocu- 
lated flasks appeared even more vigorous than the controls. Symp- 
toms associated with the other 11 strains ranged from simple re- 
tarded growth to epinasty, concave-up leaves with marginal uproll, 
and short stem. Intermediate abnormalities included these symptoms 
in varying proportion, or certain symptoms were absent. Reticular 
chlorosis only was associated with 1 strain and marginal uproll alone 
with another. 

DISCUSSION 

The number of nonpathogenic bacterial strains in soils is probably 
exceedingly great. A discussion of hormonoid actions brought about 
by their diflfusates based on studies with less than 60 strains must 
therefore necessarily be limited in scope. The data suffice, however, 
to demonstrate in a conclusive manner that such hormonoid effects 
on tobacco can take place under appropriate conditions with bacterial 
species of general occurrence. Isolation and study of these compounds 
of bacterial activities may well prove of importance in many respects. 

It was found in miscellaneous unreported experiments that Ae 
extent of the alterations in form of seedlings seemed to increase with 
nearness of the point of inoculation of the agar to the stem and the 
number of inoculations. Other known factors were size'lof seedling 
and the presence or absence of sucrose. Sometimes, however, severity 
of symptoms varied for no known reason, as in flasks inoculated with 
Serratia marceseens. Reproduction of symptoms occurred regularly 
with Corynebaderium simplex and Bacillus pumilus. The type of 
hormonoid action was not entirely specific for any one species, but 



Figitre 4. — Seedlings of Xanthi Turkish tobacco in aseptic culture after inocula- 
tion of agar at margin with Bacillus pumilus (No. 272): A, Without sucrose; B. 
with sucrose. Note epinasty and death of terminal bud in A and epinasty ana 
narrow, hooked, riin-rolled loaves in B. 

appeared to vary with the strain. In one instance Erwinia carotorora 
and Bacillus cereus produced identical symptoms. 

Growth of the bacteria used was usually limited to the inoculation 
stab and did not appear to interfere with root growth. As a rule, 
bacterial growth was very scant and the colony was difficult to locate 
on the unfavorable medium employed. The roots in all cases appeared 
normal. In many instances morphological abnormalities appeared 
in the seedlings when no roots were in the immediate vicinity of the 
bacterial colony. 

Proof of the existence of hormonoid responses to bacterial activity 
in the soil is regarded as an important consideration in elucidation of 
the cause of frenching in tobacco plants. The basic cause of this 
profound change in morphology in field plants is unknown, although 
the alteration is no greater tnan that effected by soluble metabolic 
products of some of toe bacteria observed in aseptic culture. It 
mi^t therefore be surmised that frenching is due to a similar action of 
metabolites from one or moto bacterial forms, Hormonoid accymula- 
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tion in soil probably requires specific environmental conditions. As 
already nientioned a close approximation of the symptoms of 
frenching can be obtained with dt-isoleucine. 

SUMMARY 

Xanthi Turkish tobacco seedlings were grown aseptically on 50 
cc. of a mineral-agar solution containing 200 p. p. m. of Bacto-peptone 
in 200-cc. Erlenmeyer flasks at 25° C. with 500 foot-candles of con- 
tinuous light. Inoculations (stab) of the agar at a distance from the 
stems of the seedlings with about 60 species and strains of presumably 
nonpathogenic soil bacteria led in several cases to alterations in gross 
morphology of the seedlings. These hormonoid eflects included 
various types of chlorosis that simulated various mineral deficiencies, 
epinasty, cupped, narrow, and strap leaves, and leaves with lobes, 
hooked tips, and rim roll. Symptoms of abnormality weic correlated 
with distance and number of bacterial colonies, age of seedlings, and 
bacterial strain. An analogy is drawn between the hormonoid effects 
of the diffusates from (certain common soil bacteria and those obtained 
in frenching of tobacco. 

See footnote 7, p. 199. 



USE OF LANOLIN AND OTHER UNGUENTS FOR IMPROV- 
ING BUDDING IN HEVEA RUBBERTREES ‘ 


By John H. Hever, formerly chief scientific aid, Division of Rubber Plant Investiga- 
tions, and H. F. Loomis, senior agronomist, Division of Plant Exploration and 

Introduction, Bureau of Plant Industry, Soils, and Agricultural Engineering' 

Agricultural Research Administration, united States Department of Agriculture 

INTRODUCTION 

In a program of top working matiiro troos of Para rubber (Hevea 
hrasUiemis (H. B. K.) MuelL Arg.) at the United States Plant Intro- 
duction Garden, Coconut Grove, Fla., considerable difficulty was 
encountered in finding a satisfactory dressing for treating wounds 
made by the removal of large branches or of the entire heads of trees. 
Success reported for tlu' use of lanolin ^ for the treatment of wounds 
of oaks led in 1945 to trials of the material on Hevea wounds. At this 
Garden Hevea is grown on the deeper areas of soil tentatively referred 
to as part of the Rockdak* series.'* 

USE OF LANOLIN MIXTURE ON TREE WOUNDS 

Direct application of lanolin to wounds on Hevea rubbertrees in full 
sun proved unsatisfactory as the lanolin quickly melted and ran down 
the treated branches or was pi^atlv absorbed by the wood or the 
adjacent bark. To overcome this difficulty beeswax was added to the 
lanolin in equal parts. This combination was stiffer than lanolin and 
had to be applied with a brush aft<*r being melted in a grafting-wax 
pot. Even tnis mixture had a tendency to run on very hot, sunny 
days and to crack somewhat on cool days. An improvement was 
made by coating the wound with the lanolin-beeswax mixture and 
over this applying one or two thicknesses of cheesecloth, which were 
then covered with th<‘ mixture. Tin* chcH^si'cloth held the mixture in 
place, prevented cracking, and prolonged the sealing effect. The 
exposed wood of wounds tr(»ated in this manner ilid not become dis- 
colored, as the mixture apparently excludinl attacking fungi, and 
cambial growth was much more rapid than on untreated wounds or 
on those treated with ordinary paint or several of the asphalt-base 
wound paints. 

1 Received for publication November 22, 1946. 

* United States Forest Service Allegheny Forest Experiment Station. 
QUICK HEALING OF TREE WOUNDS. Allegheny Forest Expt. Sta. Ann. Rpt. 1943, 
pp. (24U[251, illus. 1943. (Processed.) [Review in Horticulture 22: 293. 1944.) 

’ Henderson, J. R. the soils or Florida. Fla. Agr. Expt. Sta. Bui. 334, 67 
pp., illus. 1939. On p. 54 of this bulletin the Rockdale series is described as 
“oolitic limestone with numerous small .surface cavities filled with red or reddish- 
brown sandy loams and silt loams or gray to grayish-brown sands to loamy sands. “ 
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USE OF LANOLIN MIXTURE ON TOP- WORK BUDDINGS 

The fact that lanolin protected or stimulated the cambium of 
wounds on rubbertrees and preserved the wood suggested the possi- 
bility that it might also be of benefit in budding operations in neua 
nurseries or in top working mature trees. In tievea nurseries many 
budders have obseived that high percentages of buds that seeminglv 
were in excellent condition when unwTapped died during the succeed- 
ing 1- or 2-week interval before the tops of the stock plants above them 
were cut off to force the dormant buds into growth. Experience in 



Figure 1. — Untreated budding of Hevea rubbertree, 8 days after being un- 
wrapped. Note that the exposed cambium surrounding the bud patch is dead 
and the wood weathered and discolored; although the bud patch is in good 
condition, it was dead when examined 12 days later. B, Bud patch and panel, 
8 days after being unwrapped and treated with 3 : 1 lanolin-l^eswax mixture. 
Note that the bud patch is in good condition and that the surrounding cambium 
on the panel has survived. X about 1. 
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the American Tropics has shown that such losses may be as high as 
76 percent. 

As a preliminary step in determining the effect of lanolin on bud 
survival after unwrapping, several buds were top worked in large trees. 
On opening, half of the bud patches and the surrounding exposed 
cambiiun on the stocks were smeared with a mixture of 3 parts of 
lanolin and 1 part ofj beeswax, jwhich was soft enough at air tem- 
perature for application with a finger. The other buds in the test were 
left untreated. During a^ost daily examinations that followed the 
unwrapping of the buds it was observed that when the buds were 
treated there was no discoloration of the cambial tissue surrounding 
the patch, which remained green, whereas the exposed cambium 
surrounding imtreated patches began to darken witmn a few hours 
and became increasingly darker for several days. In some cases this 
tissue became spotted with mold. These conditions also prevailed in 
later buddings on Hevea seedlings (fig. 1). During this test it also was 
noted that the cambium around the treated buds grew so rapidly 
that it tended to grow over the edges of the patches 4 or 5 weeks after 
opening. Had the buds been allowed to remain dormant an equal 
number of months, no doubt some of them would have been completely 
overgrown. 

USE OF LANOLIN MIXTURE ON BUDDINGS IN NURSERIES 

The test of the lanolin-beeswax mixture on top-work buddings was 
not large enough to give conclusive proof, but it did show a definite 
advantage for its use on opened buds and led to the setting up of a 
more extensive experiment. One hundred seedlings were budded in 
the usual manner on May 22, 1945, and were unwrapped and examined 
15 days later, on June 6, when it was found that all buddings had been 
successful and the bud patches were in excellent condition. As the 
buds were opened and e.\amined, every other one w'as coated with a 
smear of 3 : 1 lanolin-beeswax mixture. Thus, there were. 50 treated 
and 50 imtreated buds. Examination of these buds on June 12 showed 
that 8 imtreated buds were dead and all 50 of the treated ones were in 
excellent condition. On June 17 the treated buds were still in good 
condition, but 16 untreated ones were dead. Final examination was 
made on June 26, 20 days after opening, when 3 treated buds and a 
total of 18 untreated ones were dead. Thus, 94 percent of the treated 
buds remained alive in contrast to but 64 percent of those untreated. 

Observations during this test suggested that some improvement 
might be obtained by applying the lanolin mixture at budding time in 
the fissure formed by tne nulge of the flap covering the bud after its 
insertion. Wrapping of the bud with waxed tape was expected to 
force the lanolin under the flap and afford a protective covering to 
the exposed cambium of the stock surrounding the bud. 

On June 12, 100 seedlings were budded; 50 of these were treated by 
the method just explained with the 3 : 1 lanolin-beeswax mixture and 
50 were left untreated. I^en unwrapped 14 days later, all buds were 
in excellent condition. Of the 50 buds treated at budding, 25 were 
smeared again with the lanolin-beeswax mixture immediately on 
opening; the remaining 25 were not treated a second time. Of the 50 
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buds not treated at budding, 25 wore smeared with the mixture on 
opening and the remaining 25 were left untreated as checks. 

All treated buds, whether treated at budding, opening, or both, were 
in good condition when examined 8 days after unwrapping, whereas 
6 of the untreated checks were dead. Final examination of these buds 
was made on July 31 , 35 days after opening, when 5 of the buds treated 
at budding and again at opening and 5 oi those treated only at bud- 
ding wore dead ; 9 untreated check buds were lost, as compared with 
none for buds treated only at opening. Wlien treated at budding 
apparently there was some forcing of the lanolin-beeswax mixture 
under the bud patch by the pressure exerted by the wrapping tape. 
Prom observations in subsequent tests, which gave the same indication, 
treatment at budding seldom equale^d treatment at opening only as a 
means of reducing loss in Herea buddirtgs. 

USE OF VARIOUS UNGUENTS ON BUDS 

In order to observe the effects of applying unguents other than the 
lanolin-beeswax mixture to the bud-patch area, seedlings were treated 
at the time of budding as follows: 10 with a 3 : 1 vaseline-beeswax mix- 
ture, 10 with a 3 : 1 vaseline-paraffin mixture, 10 with ordinary 
automobile cup grease, 10 with a 3 : 1 lanolin-beeswax mixture, and 
10 left untreated as checks. These buds were unwrapped after 14 
days, when they were again treated with the same combinations. On 
opening, all buds with the exception of 1 that was treated with cup 
grease w'^ere found in good condition. Final examination 24 days 
after this opening showed that 7 check buds, 1 treated with the 
vaseline-beeswax mixture, 2 with the lanolin-beeswax mixture, 9 with 
cup grease, and 1 wdth the vaseline-paraffin mixture were dead. The 
more damaging effect of cup grease was attributed to its soft consist- 
ency and the greater ease with which it w^as forced under the bud 
patcih when pressure was applied with the budding tape. 

To determine the effect of these same materials wrhen applied on 
buds at the time of opening and not at the time of budding, 85 addi- 
tional seedlings were budded. When unwrapped in 14 days, all were 
found to be in good condition and all were immediately treated with 
the same materials as used in the preceding test; there were 17 buds 
in each of 5 treatments. Final examination of the buds, 25 days 
after opening, showed that 7 untreated checks and 1 treated with cup 
grease were dead. All buds treated with lanolin-beeswax, vaseline- 
beeswax, and vaseline-paraffin mixtures were in perfect condition. 
From this it appears that any one of many inexpensive nontoxic 
materials of the proper consistency possibly might be applied with 
equal success as a protective coating over the exposed cambial tissue 
upon unwrapping the bud, but with the limited stock material at 
the disposal of the writeis more extended tests were impossible. 

USE OF LANOLIN MIXTURE ON BUDS FROM STORED BUDWOOD 

As the foregoing experiments were conducted with freshly cut 
budwood, it was considerea advisable to test the treatments on buds 
taken from budwood that had been stored for various periods under 
conditions approaching those encountered during long-distance 
shipments. 
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A quantity of budwood was cut on June 27 and divided into 2 
equal lots. Each lot was carefully packed in slightly damp sphagnum 
moss and wrapped in kraft paper. Both packages were stored indoors 
at air temperature. After 5 days 1 of the packages was opened and 
from the budwood 50 seedlings were budded. Half of these were 
treated with 3:1 lanolin-beeswax mixture at budding, and the other 
half were left untreated as checks. When the buds were opened 14 
days later, all were found to be in excellent condition and the treated 
ones were given a second application of the mixture. Twenty-four 
days later it was found that only 3 of the treated buds had died in 
contrast to 8 of the clu'ck ones. 

The second package of budwood was opened after a 10-day storage 
period and used in budding 50 seedlings which were treated in the 
same manner as those in the 5-day storage test. When opened after 
14 days, 2 of the 25 check buds were dead but all the treated olies were 
in good condition. Twenty-four days after opening, a total of 1 1 of 
the original 25 check buds and 9 of the 25 treated with the lanolin- 
beeswax mixture at budding were dead. 

At the time these two tests were begun the relation of treating at 
iiudding to treating only at opening had not been established, but it was 
apparent before tlu'ir completion. Accordingly, another storage test 
was begun for the inclusion of both these typ(‘s of tn^atment and the 
storage' periods were increased to 10 and 20 days, respectively, as 
5-day storage had appc'ared to have no definite aging effect on the 
budwood. 

After the budwood had been stored 10 days, buds were inserted in 
84 seedlings and every third bud was treated with the 3:1 lanolin- 
beeswax mixture. The remaining 56 buds were divided alternately 
into 2 groups of 28 buds each, 1 group being marki'd for treatment at 
opening and the other group for leaving untreated throughout the 
experiment as checks. Upon unwrapping, 14 days after budding, 1 
(‘heck bud, 2 buds to be treati'd at opening, and 1 bud treated at 
budding were dt'ad. Immediately after the unwraiiping of these buds 
the 27 living originally treated w(T(‘ trc'ated again. Through an 
error 25 instead of the' 26 lining buds to be treated at opening were 
smeaiTd with tin* lanolin-bec^swax mixture. This automatically 
addl'd 1 bud to the untreated check group. 

Of the 28 check buds alive at opening 17 (60.7 perct'iit) were in good 
condition at the final emmination, 24 days after unwrapping; of the 
25 buds alive at opening and treated with lanolin at that time 21 
(84.0 percent) were in good condition; of the 27 buds treated twice 
with lanolin and alive at opening 21 (77.8 percent) survived. 

From budwood that had been stored 20 days 60 seedlings were 
budded. Through an oversight an unequal division was macie of the 
seedlings between treatments, as 20 buds were treated with 3 : 1 
lanolin-beeswax mixture at budding, 18 were held for treatment at 
opening, and 22 were maintained as untreated checks. When un- 
wrapped 14 days later, 18 of the treated buds, 15 of those held for 
treatment at opening, and 19 of the check buds were alive. The 18 
buds treated at budding were treated a second time at opening. 
When final examination of the buds alive at opening was made 24 
days later, it was found that 13 (72.2 percent) of those treated at 
budding and again at opening were alive; 11 (73.3 percent) treated 
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onlv at opening were alive; and only 11 (57.9 percent) of the checks 
had survived. 

EFFECT OF TIME OF TOPPING STOCKS ON BUDS TREATED WITH 

LANOLIN MIXTURE 

As a final experiment in the use of lanolin as a means of reducing 
loss in Hevea buddings 100 additional seedlings were budded on 
Au^st 2. These were unwrapped after 14 days, and all were found 
to be in good condition. At opening, 50 were smeared with the 
3:1 lanolin-beeswax mixture and 50 were not treated. Stocks of 
half of each group of 50 were immediately cut off in the usual manner 
to force bud growth and the cut surface of the stock was painted with 
the 1 : 1 lanolin-beeswax wound mixture. Thus, 50 stocks into which 
25 check buds and 25 treated buds had been inserted were cut back, 
but the remaining 50 were not cut. All uncut stock plants with 
living buds were cut back 12 days after opening to force the buds. 
By th is time 1 1 of the previously uncut checks, 7 cut checks, and 1 
cut lanolin-treated bud had died. Final examination was made 25 
days after opening, when 1 1 of the checks not cut back at opening, 
9 cut checks, 3 uncut lanolin-treated buds, and 1 cut lanolin-treated 
bud were dead. The results of this limited experiment indicate that 
seedlings containing living bud patches may, when unwrapped, be 
cut back immediately to force sprouting without fear of serious loss 
if the patches and surrounding cambium are treaU'd with lanolin- 
beeswax mixture at the same time. In this and other experiments 
where a delay of 10 or more days occurred between the unwrapping 
of the bud and the cutting back of the stock, survival of bud patches 
treated with the lanolin-beeswax mixture at opening was greater 
than that of untreated buds. 

EFFECT OF LANOLIN MIXTURE ON SPROUTING OF BUDS 

An observation in connection with the immediately preceding ex- 
periment and one other involving the cutting back of stocks to force 
bud growth was the. retarding effect the application of the 3 : 1 lanolin- 
beeswax mixture had on the growth of the buds. 

In the experiment of May 22 in which 50 buds were treated with 
the 3 : 1 lanolin-beeswax mixture at opening and 50 were left un- 
treated as checks, all living buds had the stocks above them cut back 
11 days after opening to force the buds. Nineteen days after the 
cutting back of the stock 37 of the 47 surviving lanolin-treated bu«ls 
were either swelling or sprouting, but only 1 had produced a shoot 
more than 1 mm. long; 26 of the 32 check buds were either swelling 
or sprouting, and 8 of these had shoots more than 1 mm. long. Final 
exanmation, 34 days after the cutting back of the stocks, showed all 
lanolin-treated and all check buds to be swelling or to have shoots. 
All but 1 of the check buds had shoots with an average length of 
282.4 mm., whereas only 34 of the 47 lanolin-treated buds had pro- 
duced shoots and these had an average length of only 91.4 mm. 

The same retarding effect was observed in the experiment begun 
on August 2 in which 50 stocks were topped as soon as the buds were 
unwrapped and the remaining 50 were cut back 12 days after un- 
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wrapping. As reported for that experiment, half of the buds in each 
group had been treated with the 3:1 lanolin-beeswax mixture at 
opening whereas the others were left untreated as checks. In the 
seedlings cut back when the buds were opened, 4 of the 18 living 
untreated check buds were sprouting 12 days later when the other 
seedlings were topped, while only 3 of the 24 buds treated with 
lanolin mixture were sprouting. 

At the end of this experiment, 25 days after the buds were un- 
wrapped, 14 (87.5 percent) of the 16 living check buds in stocks cut 
back at opening were sprouting and 14 (58.3 percent) of the 24 living 
lanolin-treated buds in correspondingly cut-back stocks had sprouted. 
In the seedlings cut back 12 days after the buds were unwrapped 7 
(50 percent) of the 14 living check buds had sprouted, whereas only 
7 (31.8 percent) of the 22 living lanolin-treated ones had done so. 

SUMMARY 

Wounds arising from the pruning of Hevea rubbertrecs kept in 
better condition and healed more rapidly when treated with 1:1 
lanolin-beeswax mixture than wh(‘n treated with any other wound 
dressing. 

Buds from fresh biidwood or from that stored for periods up to 20 
days, when set in the tops of mature trees or in the customary loca- 
tion in seedlings, survived in much greater numbers when the bud 
patch and the surrounding area of cambium on the stock were treated 
with 3 : 1 lanolin-beeswax mixture at opening, or unwrapping, than 
did untreated buds. 

Single treatment with the 3:1 lanolin-beeswax mixture at time of 
budding or treatment at time of budding and again at opening 
seldom was found to be as beneficial as treating only at the time of 
unwrapping the buds. Several other imguents that gave material 
l)enefit when applied at opening of the buds were used, but the 
softest of these caused increased mortality to buds when applied at 
time of budding. 

Applications of lanolin-beeswax mixtures to bud patches and sur- 
rounciing cambium and to the cut surface of the stock may allow 
cutting back of the stock at the time of unwrapping of the buds with 
negligible loss, thus eliminating the usual waiting period of 10 to 14 
days between opening of the buds and cutting back of the stock 
during which under present practice the death or survival of the 
buds IS determined. 

Buds treated wuth the 3 : 1 lanolin-beeswax mixture were found to 
sprout more slowly after cutting back of the stocks than did un- 
treated ones. 


U s. OOVCRNMtNT fR«NTIN6 0FFlCeilS4r 




JOIH(FM(KimRESEAn 

VoL- 75 Washington, D. C., November 1 , is, 1947 Nos. 9^ 10 


EFFECTS OF CONTROLLED SOIL MOISTURE ON GROWTH, 
COMPOSITION, YIELD, AND QUALITY OF MARYLAND 
TOBACCO ' 

By J, H McMiirtrey, principal physiologist, J, D. Bowling, associate 
biochemist, D. E. Brown, chief scientific aid, and H. B. Knole, ji/mor physiologist, 
Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture 

INTRODUCTION 

Adequate soil and air moisture constitutes one of the cardinal 
requirements for the growth of leaf tobacco whi(*h must meet exacting 
commercial demands. Since the h^af of the tobacco plant {Nicotianxi 
tahacum L.) is the final product, it must possess a more or less definite 
combination of shape, size, structure, elasticity, venation, color, and 
possibly other structural details not readily visible to the eye, as 
well as a rather characteristic chemical composition which deterniines 
aroma, taste, and unidentified characters indicative of quality. The 
fire-holding capacity of the cured leaf is strikingly modified by both 
the structural details and the chemical composition. These properties 
in turn are influenced and modified by soil moisture, which largely 
controls the growth of all parts of the plant, especially the leaf structure. 

It is generally recognized by the tobacc^o trade that leaf gi’own 
during a dry s<‘ason is V(uy different from that grown during a wet one. 
The adaptability of the two products to manufacturing purposes 
differs widely. The leaf producc'd during a dry season is small, dark 
and dull in color, high in nicotine, and lacking in elasticity. It 
possesses more aroma associated with gums and resins, has a dense 
structure associated with a high weight per unit area, characteristically 
possesses low. fire-holding capacity, and manifests a slow and inactive 
fermentation when bxilked or packed. The cured leaf from tobacco 
produced during a season with adequate and well-distributed moisture, 
on the otluu- hand, other conditions bein^ equal, is thin, of an open 
structure or texture associated with a light weight per unit area, 
comparatively large, light and bright in color, elastic, low in nicotine, 
weak in aroma, and low in gums and resins and shows an active and 
rapid fermentation when bulked. 

Although to a greater or less extent soil moisture appeam to be the 
dominant factor, atmospheric humidity, shading associated with 
cloudiness, and air movements that increase the evaporating power 
of the air are all a part of the complex which controls plant ^owth 
and development. The organic matter and the mineral constituents 
that affect the physical (‘ondition of the soil and control the retention 

* Received for publication December 23, 1946. Cooperative investigations by 
the Division of Tobacco, Medicinal, and Special Crops and the Maryland Agri- 
cultural Experiment Station. 
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and releaso of moisture to tlio growing plant are highly important 
factors in the utilization of soil moisture by plants in the acvelopment 
of leaves. 

In the 1941 Yearbook of the United States Department of Agricul- 
ture Garner (5) ^ discussed the effects of climate on the growth of 
tobacco. There arc few publications dealing with the effects of 
supplemental water on the production of tobacco in humid areas. 
The work by Goff (7) was possibly the earliest account in this country 
of the effect of irrigation on the gi’owth of tobacco. Anderson and lus 
associates (/, j2, S) reported the effects of irrigation on the yield and 
quality of cigar tobacco at the Tobacco and Vegetable Substation at 
"Windsor, Conn. 

The classic work of Hasselbring (P, 10), although it does not deal 
directly with irrigation, has a bearing on the subject since shading 
affects plant and soil-moisture relations. This relation was further 
emphasized by the work of Stewart {16), who showed that average 
soil moisture, air temperature, and humidity were higher when 
tobacco was grown under a cloth shade than when grown under 
comparable conditions without shade. A partial explanation of 
some of those effects may be found in the work of G. W. Volk {17) and 
N. J. Volk {18), who studied the effects of the wetting and drying of a 
soil on potash fixation. McMurtrey {IS) described the symptoms of 
nitrogem deficiency, which, according to Andc^rson and his coworkers 
{1, 2, S), are often associated with irrigation efl'c^ds. The review by 
Kramer {12) brought up to dat(‘ the contributions on soil moisture in 
relation to plant growth. 

MATERIALS AND METHODS 

As previously stated, tobacco leaf giown during dry weather 
manifests certain characteristics that differ from those of leaf produced 
during wet weather. Since the two conditions do not occur simul- 
taneously, a direct comparison of the l(»af produced in the same season 
under the two conditions is not possible. It s(*emed desirable, there- 
fore, to set up experimentally these two conditions insofar as possible 
in order to arrivt* at a more complete understanding of th(' effects of 
insufficient and of adequate moisture on growth and character of the 
leaf produced. Such effects were evaluated by systematic measure- 
ments, chemical analyses, and any other (wident changes in tli(5 
character of the leaf. 

The unvaried cultural and handling procedures {15) in general were 
those used by successful growers of the Maryland type of tobacco. 
Crop yields and values were determined after stripping, grading, 
weighing, and sampling. Samples so obtained were submitted to 
experienced judges of Maryland tobacco, who assigned values. Cal- 
culations based upon weights and values thus obtained were the 
source of the results reported on yields and gross values per acre. 
Tests to determine the fire-holding capacity of cured leaves of the 
cigarette grades were made according to the usual laboratory pro- 
cedures. Twenty-five leaves from as many plants were ignited by an 
electric lighter. These tests were carried out under controlled 
temperature and humidity. 

* Italic numbers in parentheses refer to Literature Cited, p. 248. 
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The various artificial weather conditions were set up after the 
plants had become well (established. There were three treatments 
in 1934, each on a separate plot, which was given the same number 
as its treatment. One area was held dry continuously by means of a 
tarpaulin rolled down just before a rain and supported by suitable 
scaffolding, as shown in figure 1. The second area was irrigated 
twice weekly, receiving one-fourth inch of water each time during 
weeks when no rain fell, and the third area in like manner received 
an ecjuivalcnt of one-half inch of watcT. The water was added as a 
spray by means of overhead nozzles. 



P^Ki CRK 1. — Tobacco grown (-4) without water during early growth and {B) with 
both rainfall and supplenuuitary water equivalent to one-half inch twice a w^eek 
when iiLsufficient rain fell during early growth. Photographed .\ugust 10, 
1936. Note scaffolding for support of canvas and movable irrigation pipe 
with nozzles. 

In 1935 and thereafter five treatments were used on as many areas in 
two diff(Tent series: A, lowland, and B, upland. In addition to the 
area kept dry continuously as in the previous year (No. 1), there was a 
second area irrigated by overhead nozzles to add one-half inch of 
water twice weekly if there was no rainfall during the week (treated 
like No. 3 in 1934). A third area was irrigated in the same manner 
early in the season and kept dry for the remainder of the season by 
means of a tarpaulin as on area 1 . A fourth area was kept dry like 
area 1 during the early part of the season and irrigated like area 2 dur- 
ing the last part of the season. Tobacco grown on the fifth area (the 
control area) was produced under the prevailing rainfall. The plan 
was to roll the covers down just before a rain and to roll them up as 
soon thereafter as practicable. This procedure was followed in an effort 
to avoid shading. To give protection from showers during the night 
also, an attendant was on hand to apply covers when a shower threat- 
ened. 
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The rows were spaced 34 inches apart, and the plants were spaced 
the same distance in the rows. Each area was occupied by 8 rows of 
14 plants each. The border plants were removed at harvest time; 
that is, the yields and other data were taken on the 72 plants inside the 
border. Each area received a f(Ttilizer containing 4 percent of nitro- 
gen (N) derived one-fourth from tankage, three-eighths from ammo- 
nium sulfate, and three-eighths from nitrate of soda; 8 percent of phos- 
phoric acid (P2O5) derived from superphosphate; and 12 percent of 
potash (K 2 O) derived from sulfate of potash. This mixture was 
applied in the row at the rate, of 750 pounds per acre. 

The dates of transplanting, watering, applying covers, changing 
covers, topping, harvesting, and replanting, as w^cll as the dates and 
amount of rainfall and the amount of irrigation, are showui in table 1 . 
Watering, or irrigation, was accomplished by means of overhead 
nozzles to simulate natural rainfall. Occasionally there was rain 
immediately aftei* irrigation; this wet the soil excessively and produced 
more or less leaching on the irrigate^l areas. At times it was difficult 
to irrigate during windy periods because' the spray tended to blow, but 
blowing was controlled satisfactorily by avoiding windy periods and 
by tilting the spray nozzles in such a way as to dire'ct the spi*ay to the 
desired area. The covered areas were left unprotected at the sides to 
avoid setting up a humid atmosphere unde'r the tarpaulin, but no seri- 
ous difficulty was encounte'red from blowing rains. Kecording instru- 
ments under the tarpaulin showed no significant differences in tempera- 
tures and humidity from those recorded on an adjacent uncovered con- 
trol area. It should be recognized, however, that the treat ment on the' 
dry plot did not entirely simulate natural drought conditions, because 
the atmosphere and the soil may not hav(' be('n dry simultaneously. 
Besides, there were some effects of shading for it was not always desir- 
able to roll up the tarpaulin immediately aftiu* a shower because of the 
danger of its molding and decaying. 

The plots were located on soils of the Collington sei’ies, but tlie 
plants were not grown on the same areas for the entire period, be(*ause 
of the development of nematodes {Ileterodera marioni (Cornu) 
Goodey) and of fusarium wilt, caused by Fumrium oxysporum f. 
nicotianae (J. Johnson) Snyder and Hansen. The low land seri(’s (A) 
was located on one area in 1934, another in 1935, and a third from 
1936 to 1940; on all of these the soil was mapped as Ckdlington loamy 
sand and was definitely sandy with little or no subsoil. Except in 
1936 and 1937, the upland series (B) was located on a slightly heavier 
soil with a definite subsoil at about 16 to 22 inches; it was mapped as 
Collington fine sandy loam. In 1936 and 1937 the soil was a loamy 
sand like that on which series A was located. The plots were in four 
different locations — one in 1934, a second in 1935, a third in 1936 and 
1937, and a fourth from 1938 to 1940. The water applied to plots 
in the lowlands scries was obtained from a <leep well, and that applied 
to the upland series was ground water from a surface spring. 

The Maryland Broadleaf variety was planted from 1934 to 1938 
and the Maryland Medium Broadleaf in 1939 and 1940. 

Some preliminary studies were made during 1934 and 1935 to de- 
termine the effect of irrigation on the percentage of moisture in the 
soil on a moist-weight basis (table 2). The soil samples were taken 
to a depth of 6 inches and represented 12 borings per plot. Soil 
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Tabi.k 2--SaU^moi8ture content based on moist weight before and after watering 
irrigation plots, Upper Marlboro, Md., 1934-35 

(Samples represent 12 borings iw plot to a depth of ft inchesj 


Hale and treatment 
No. 

Low^land 
(aorios A) 

Upland 
(series B) 

J )nte and treatment 
No. 

Lowland 
(stories A) 

Upland 
(wries B) 

Hof(»ro 

wa- 

tering 

After 

wa- 

tering 

Bofore 

wa- 

tering 

After 

wa- 

tering 

Before 

wa- 

tering 

After 

wa- 

t^ering 

Before 

w’a- 

tering 

After 

wa- 

tering 

]9S4 

Per- 

Per- 

Per- 

Per- 

ms 

Per- 

Per- 

Per- 

Per- 

Juno 27: 

cent 

cent 

cent 

cent 

July 3: 

cent 

cent 

cent 

cent 

I 

4.37 


6.76 


j._ 

4 71 


6. 69 


2 

4 07 


7.73 


2 

4 62 


n 21 


3 

C. 47 


9 92 


3 ... 

3 86 


fi f?? 


July 5: 





4 

4 24 


6.37 


1 

4 39 


6. 75 

1 

5 

1 84 


6.50 


2 

4. 76 


7 83 

1 

July 9* 



3 

5 92 


8 91 

.. 1 

1 

4 72 


6 38 


July lO and ir 





o 

7 96 



11 07 


1 . 

4 37 

6.39 

6 23 

6. 13 ! 

3. 

7 71 


10 90 


2 

4 75 

6. 34 

6 92 

9 11 1 

4 

4.05 


6.03 


3 .. 

6 23 

6 38 

8 61 

13 38 1 

5 

8 26 


10.88 


.fuly Hi and IT. 





1 July 16: 




1 

4 21 

4 37 

5 40 

5 71 1 

1 1 ... . 

4 13 


5.77 


2 

4 67 

6 12 

7.(K1 

9.35 1 

2 

5 62 


10 17 


3 

7.06 

7 89 

9.48 

12 13 1 

3 

5 32 


0 88 


July 24 and 25. 





1 4 

4 61 


6.14 


1 

3 46 

4 06 

5.19 

5 49 1 

i 5 

5 95 


9 57 


2 

4.30 

5 48 

5 98 

7.46 1 

1 July ‘Zi and 24: 





3 

5 91 

8.27 

8.81 

11 57 I 

1 1 

3, 45 

3 64 

4 42 

4 20 

July 31 and Aug 1. 





' 2 

4 94 

8 57 

7.66 

10 61 

1 

3 73 

3 47 

5 90 

5 21 

i 3 

3. 90 

S 11 

8.20 

11 13 

2 

7 21 

6 05 

10 39 

8,45 

1 4 

2 65 

2 48 

5 01 

4.82 

3 

8 79 

7 51 

13 32 

11 94 1 

5 , 

4 16 

6. 91 

6. 61 

8.79 

Aug 7 and 8' 





' Jul> 30and 31. 1 





1 

2 9-1 

2 58 

4 49 

4 31 

1 I 

2 44 

2 42 

3.26 

3 08 

2 

5 09 1 

6 77 

6 80 

8 16 ; 


4 02 

8 34 

7 01 

9.96 

3 ; 

7 n 

8 67 

10 81 

13 19 j 

1 3 

2 m 

7.38 

7 40 

10 36 

Aug. 14 and 10. 




1 

i 4 

1 67 

1 .55 

3 S6 

3. 77 

1 

2 88 

2 57 

3 71 

3 76 ' 


2 59 

2.64 

4.00 

4 44 

2 

7 29 

6 28 

9. 65 

7 80 , 

1 Aug 6 and 8 





3 

9. 27 

; 9 21 

13 93 

1 12 93 , 

J 

1 92 

2 04 

2. 54 

2 40 

Aug 21 and 22 


i 


i ! 

! 2:::r 

4 45 

8. 71 

6 02 

11 04 

1 

! 2 57 

j 2 28 

2 99 

; 2 47 ' 

i 3 

3. 42 

8 07 

6 78 

11 25 

2 

4 .')9 

1 (i 31 

6 31 

7 .50 ! 

1 4 

1 11 

1 10 

2 76 

2 68 

3 

5.97 

7 W 

11 51 

13 44 1 

j ,5 - 

1 67 

1 7 46 

2 43 

8.67 

Aug 28 and 29, 



1 

1 1 

Aug. 13 ami 14- 





1 

1 85 

1 90 

2 75 

2 81 

1 1 

1 68 

1.82 

1 OS 

1 95 

2 

6 74 

5. 30 

8.32 

7 67 i 

1 2 . 

4 43 

8.14 

7.11 

10 05 

3. .. 

7.70 

6 05 

13 IK 

12 02 1 

1 3.. 

3 51 

7 63 

7 33 

10 54 

Sept. 4 and 5: 




I 

! 4 

98 

1 07 

2 00 

2. 23 

1 

1 40 

1 25 

2 10 

2 20 ' 

1 5 

2.fi5 

3 36 

4 03 

4 45 

2* . .. 

7.67 

1 5 78 

9 78 

8 20 . 

Aug 23 and 24* 





3 

8. 42 

! 7 11 

13 41 

11 s:t i 

1 

1 52 

1 38 

2 02 

1 84 





1 

2 

8.54 

8 71 

10 64 

11.41 

lUifi 





3 

3 26 

3 01 

6 00 

5 79 

Juno 20. 





4 

7 60 

8 55 

8. ,53 

0 30 

1 

5 46 


8 30 


i 5 

7 00 

5.98 

8.29 

6. 71 

2 

5.23 


8 13 







3 

4.63 


8. 21 







4 

5’ 43 


7 h:i 







5 j 

5.71 i 


7 80 









moisture was cietormined by drying to constant weiglit in an electric 
oven held at 105 ° C^. _ . 

The official methods ( 4 ) were employed in obtaining the analytical 
results reported for starch, reducing sugars, sucrose, ash, phosphoric 
acid (P 2 O 5 ), lime (CaO), magnesia (MgO), and suUur (S). Corrections 
for sand and other siliceous soil material as applied in official methods 
(4) were used as a basis for calculating the results (see tables 9-13). 
Moisture in the leaf was determined by dryi^ jt at 100 ° O. for 4 
hours. Nitrogen (N) was determined by the official Gunning method 
modified to include nitrate as given for fertilizers, with the substitution 



222 


Journal of Agricultural Research voi. 7 S, nos. 9, lo 


of 0.7 gm. of mercuric oxide for copper oxide. Potash (K 2 O) was 
deterouned by solution of sample by the wet digestion method #f 
West {19) and the modified chloroplatinate method of Hicks {11). 
The weights of leaf material shown in tables 4 to 8 include the midrib 
and were not corrected for sand and other siliceous material, whereas 
the data shown in tables 9 and 10 were corrected for siliceous soil 
material and do not include the midrib. Nicotine was determined 
by a modification of the Keller method {6) made in the Division of 
Tobacco and Plant Nutrition. 

EXPERIMENTAL RESULTS 

PHYSICAL MEASUREMENTS 

The water content of the surface soil was definitely modified by 
the methods used to control the water supply (table 2). It is in- 
conceivable that the plants growing on the. area to which no water 
was added and having a moisture content as low as 1 or 2 percent 
could have developed at all urdess they were drawing on subsoil 
reserves. Soil-moisture content at greater depths shown in table 3 
for 1937 indicated that this was taking place. The plants growing 
under these conditions as a rule exhibited severe wilting during the 
day and more or less wilting (%. 1) at all times, but they did not show 
any considei'able loss of the low'er leaves from drying (see tables 4 
and 5). At times during dry periotls the water content of the soil 
of the control plot was as low as that of the soil of area 1, which re- 
ceived no rainfall and no irrigation. This condition was usually 
of short duration, however, since as a rule rain fell in time to correct 
this critical situation. Wlien the water was withheld from area 3 
late in the season, usually about 2 to 3 weeks before harvest, the soil 
moisture was rapidly reduced to a low’ level by the growing plants 
(tables 2 and 3). 

Table 3. — Soil-moisture content based on moist weight at 2 depths in irrigation 
plots. Upper Marlboro j Md.^ 1937 


iSaiTiplcs represent 12 Imrings per plot] 


i 

J)atc and treatment 
No. 

Lowland 
(series A) 

I'pland 
(.senes B) 

1 Date and treatment 
j No. 

1 

Lowland 
(series A) 

Upland 
(series B) 

0-12 

inches 

12-24 

inches 

0-12 

inches 

12-24 

Inches 

0-12 

inches 

12-24 

inches 

0-12 

inches 

12-24 
j inches 


Prr- 

iVr- 

Per’ 

Per- 


Pet’ 

Pet’ 

Per- 

Per- 

July 28: 

CfTd 

cent 

cent 

cent 

August ll—Con. 

cent 

cent 

cent 

cent 

1 

6. 75 

13.73 

3 . 3:1 

5.31 

4 

3.50 

9. 61 

:i.43 

4 81 

2 

8 60 

11 42 

7. 77 

7.85 

h 

5 38 

8. 16 

4.09 

3.86 

3 

7.82 

11.99 

7.97 

7.80 

August 18; 





4 

5.62 

12.05 

3 90 

5.54 

1 

3.16 

10.00 

2.35 

3. 76 

5 . 

6.36 

9.76 

3.81 

5.54 

2 

8. 47 

11.45 

7. 49 

.3.92 

August 4: 


3 

6.61 

0.54 

4.33 

7.15 

1 

5.02 

12.48 

3.04 

4.82 

4 

7.32 

10.64 

6.06 1 

4.68 

2. 

8.35 

10.81 

7.38 

6.94 

5 

5.32 

7.80 

4.49 

5. 42 

3 

8.55 

11.62 

7. 42 

7.56 

September 1: 





4 

4.08 

9.67 

3.42 

6.20 

1 . . - 

4. 13 

9.12 

2.46 

3. 61 

5- 

4.45 

8.50 

3.14 

4.69 

2 

8.01 

12.89 

7.02 

8.21 

August 11: 





3 

6.55 

8.29 

3.86 

4.92 

1 

3.69 

11.40 

2.61 

4.05 

4 

8.10 

15.22 

7.08 

8.78 

2, 

7.96 

10.55 

6.22 

7.10 

5 

8.28 

12.27 

6.28 

7.32 

3 

7.53 

10.67 

6.51 

1 

6.67 
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The actual growth rate of the plant can most satisfactorily be 
epepressed in terms of measurements made at intervals of the height of 
the plant and of the width and length of the leaves and of counts of 
the leaves. Dry-weight data to determine at intervals the increase in 
dry matter necessitate the harvesting and destruction of part of the 
experimental plantings and so generally are not feasible. 

The leaf area developed by the plants was determined at 14-day 
intervals. The method used was based upon the formula by Goff 
(7, p. SUY 

The area of a leaf was computed by multiplying its length by one-half its width, 
and increasing the product by one-third, it having been ascertained by trial that 
this is nearly exact. The average length and the average width of a leaf was 
ascertained by taking measurements of 800 whole leaves. 

More recently a mathematical method for determining the area of 
tobacco leaves was reported by Gubenko {S), The methods discussed 
in his paper appear to agree very closely with Goff^s formula iX 1/2 TV' 
increased by 1/3, in which L represents the length and W the width of 
the leaf. This formula can also be expressed as 2/3 LXW. While 
Goff used the average IcMigth and width in his calculations, possibly for 
leaves of nearly the same size*, this procedure would not be accurate* 
if the leaves varied greatly in size, as from the bottom to the top of the 
plant. The area oi each h^af would then have to be determined as a 
unit and the total for tlu^ plant arrived at by summation ; this procedure 
was followed to obtain the results reported in tables 4, 5, 7, and 8. 

The areas of leaves by- groups with reference to position on the stalk 
and the total leaf ar(‘a per plant are shown for the tw'O varieties of 
Maryland tobacco in tables 4 and 5. At the time of the first measure- 
ments, approximately 30 days after transplanting, comparatively 
little variation in size of plants on the several plots was shown by the 
data on total h^af area, height of plant, number of leaves, and length of 
internod(‘8. The tw^o varieties, Maryland Broadleaf and Maryland 
Medium Broadh'af, had leaf areas approximating 3 or 4 square feet 
per plant at th(» time of the fii*st measurement, and the two varieties 
and the five treatments were in reasonably close agreement. The 
subsequent measurements, however, showed decided differences for 
both varieties as a result of the various w^ater treatments. The use of 
supplemental w ater in treatment 2 almost doubled the leaf area per 
plant os compared w ith treatment 1 with neither rainfall nor irrigation. 
The Maryland Broadleaf consistently produced plants with a greater 
leaf area tlian the Maryland Medium Broadleaf. Howrever, there was 
no decided difference in the arem per plant in the dry and control 
treatments. There was a loss of area by the lower leaves as a result 
of drying, or firing. The leaf area finally attained in square feet per 
plant roughly paralleled the number of leaves from plants grown on 
areas which were supplied with water treatment 2 (throughout the 
period) or treatment 3 (only during early growth). 

The plots to which additional water was supplied produced taller 
plants with longer internodes and more total leaves than those on the 
area from which water was withheld. The plants of the Maryland 
Broadleaf variety grown on areas kept dry during early growth had 
more green leaves than those on imgated areas (table 4). The 
Maryland Broadleaf variety developed more leaves than the Mary- 
land Medium Broadleaf and reached its maximum leaf area 2 weeks 
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Table 5. Average, area of green leaves, height of plant, length of internodes, and number of leaves per platU of Maryland Medium Broadleaf 
tobacco grown unth and without rainfall or supplemental water, Upper Marlboro, Md., 1939-40 

[Counts and measurements made al 14-day intervals on 24 plants comprising 2 rows, or one-third, of each plot in series BJ 
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earlier, indicating more rapid growth (fig. 2). The Maryland Medium 
Broadleaf was apparently more seriously affected by the early dry 
period (treatment 4), since it did not recover as quickly or produce 
as much leaf area as the Maryland Broadleaf when irrigation was 
resumed late in the season (fig. 3). The total lonf number, intemode 



TRANSPLANTING CURING 

TIME ELAPSED AFTER FIRST MEASUREMENTS (DAYS) 

Figure 2. — Effect of irrigation on average leaf area per plant of the Maryland 
Broadleaf variety (1936 38) and the Maryland Medium Broadleaf (193^40), 
when measured at 14-day intervals during the growing period and after curing. 
Data for cured leaf of the Maryland Medium Broadleaf are for 1939 only. 
Treatment 1, without rainfall or supplemental water during entire pt'riod of 
growth; treatment 2, with rainfall and supplemental water throughout period 
of growth; treatment 3, with rainfall and supplemental water during early 
period of growth, but without rainfall or supplemental water during late period 
of growth; treatment 4, without rainfall or supplemental water during early 
period of growth, but with rainfall and supplemental w^atcr during late period 
of growth; treatment 5 , with rainfall, but without supplemental water during 
entire period of growth. 

length, and height of plant showed much the same relation. The 
loss of the lower leaves was much more pronounced with both varieties 
on the plots furnished abundant moisture (rainfall and supplemental 
water). 

A comparison of the leaves produced on dry soil and those produced 
on soil to which water was applied showed that the shape of the leaves 
was not greatly modified by the application of water. The ratio of 
length to width was practically constant except in the top leaves of 
Maryland Medium Broadleaf (table 6). The top leaves apparently 
increased in width where water was supplied. At the time of the 
fourth measurement the ratio df length to width was 2.41 with rainfall 
and supplemental water and 2.65 without either. The top leaves 
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were definitely longer in relation to width than the lower leaves. 
This relation changes gradually from the lower leaves, which were 
broad, to the middle leaves, which were narrow; the top leaves were 
the narrowest of the throe groups. Although the addition of water 
did not greatly modify the shape of the leaf, it did cause a decided 
increase in size, as shown by measurements of length and width. 

The measurements of the areas per plant of cured leaves, which 
possibly are not so accurate as those of the green-leaf areas, since it 
IS difficult to smooth out cured leaves and obtain a true measure, 
showed decided differences as a result of the treatments (tables 7 
and 8). The measurem(mts were made and the data on moisture 
absorption were taken in a room where moisture and temperature 



Fifli.KK 3. — Tobacco grown (--1) ^vithout water during early grow'th, but with 
subsequent rainfall and supplemental water for 1(5 (lays and (B) with supple- 
mental water and rainfall (luring early growth, but both subsequently withheld 
for 16 days. Photographed Au( 5 ust 26, 1936. (Compare with fig. 1.) 

were under control; they are, therefore, believed to be comparatively 
accurate. The moist and oven-dry weights of the cured leaves showed 
decided differtmees as a result of moisture supplied to the growing 
plants. The leaf of both varieties produced where water was with- 
iield had the highest weight per square foot, but the Maryland 
Medium Broadleaf (table 8) had a higher weight per unit area than 
the Maryland Broadleaf (table 7). Tne 1940 crop was not included 
in the taoulation for cured leaf, as the control room was not available 
for handling the crop. As a rule the percentage of moisture absorbed 
by the cured leaf was highest where moisture was supplied in the 
field. Leaf grown on soil from which water was withheld early in 
the season was similar in moisture absorption and weight per square 
foot to that CTown where water was withheld throughout the season 
(tables 7 and 8). Generally spe’aking, the leaf having the highest 
moisture-absorbing capacity and the lowest weight per square foot 
was produced on the plot from which water was withheld late in the 
season, that is, for 2 to 3 weeks before harvest (tables 7 ^d 8). The 
leaf produced on the control plot varied widely, depending upon the 
prevailing seasonal conditions. 



Table 6, Average length and width of green leaves per plant of Maryland Medium Broadleaf tobacco grown with and without rainfall or sup- 
plemental water, Upper Marlboro, Md., 1939-40 

(Measurements made at 14-day intervals during growing season; usually 5 or 6 leaves per group of lower, middle, and top leaves per plant (average of 24 plants)] 
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The values shown in tables 4 and 7 are averages for 3 years and 
represent data for series B only. The values for individual years did 
not show a wide departure from the averages, and the relative response 
to the treatments was much the same each year. The values in table 5 
are averages from series B for 2 years, and the values for individual 
years showed no apparent significant departures from the averages. 

The stalk weights showed a gi‘eater difference between treatments 
than leaf weights; the stalks tended to be relatively smaller on the dry 
plot than on the irrigated ones, as shown by the percentage of top 
growth represented by the stalks (tables 7 and 8). Weights of stalks 
showed a similar trend (see table 14). 

Table 7. — Average area and moist and oven^dry weights of cured leaves per plant, 
moist and oven^dry weights per square foot of cured leaves, percentage of moisture 
absorbed by leaves when exposed to constant temperature and moisture conditions, 
and weights of stalks of Maryland Broadleaf tobacco grown with and without ruin'- 
fall or supplemental water, Upper Marlboro, Md., 1986-38 


I Measurements made at 88 iK‘rcent relative humidity and 77° F. on leaves from 24 plants comiirising 2 
rows, or one-third, of each plot in senes B, the lower, middle, and top leaf proups usually convSisted of 5 
or A loaves per plant] 


Plant part 
and treat- 
ment No. 


Water treatment 


Aver- 


Mois- 

ture 

Moist 

Oven- 

Precipitation 

IrriKation 

Moist 
IS™ "‘‘'Kht 
plant 

Oven- 

dry 

weight 

weight 

per 

square 

dry 

weight 

per 


Early 

Late 

Early 

I/iite 



foot 

square 

foot 






Square 


Per- 



Lower loaves: 





feet Orarnn 

Gramn 

cent 

drams 

Grams 

1 

Without- 

Without. 

Without. 

Without 

3 31 21 99 

17.73 

19.37 

t) 64 

5. 36 

2 

With . 

With- .. 

With .... 

With 

r> 47 30 84 

24 .’’>9 

20. 27 

5 64 

4 .50 

3 

,-do- - , 

Without- 

...do .. 

Without. 

5 40 30 50 

23 75 

22.13 

5 .59 

4.35 

4 

Without - 

With 

Without- 

With 

4 m 2C) 05 

20 45 

21. 60 

6.42 

5 04 

5 

With 

-.-do.-- , 

-do 

Without - 

4 64 27.36 

21 61 

21,02 

.5.90 

4.66 

Middle 










leaves: 










1-.- 

Without 

Without - 

- -do... 

do 

5 16 36 00 

28.37 

21.19 

6.98 

5. .50 

2 

With--. 

With . 

With—.. 

With 

8. 11» 52 06 

41 17 

20.92 

6 38 

5.05 

3 

. -do.- .. 

Without - 

-do. „ . 

Without 

8 47 51 24 

39 57 

22. 78 

6 05 

4 67 

4- 

Without . 

With - - 

Without - 

With... . 

7.13 43.45 

33 5(> 

22 76 

6 09 

4.71 

f> - - 

With 

..do 

.. do 

Without. 

7. 28 47. 05 

36 64 

22. 13 

6 46 

.5.03 

Top leaves; 







1 



1 

Without . 

Without- 

. -do 

...do 

2 62 22 93 i 

17 ,56 

23. 42 

8 75 

6. 70 

2. 

With-. - 

With- .. 

With. 

With 

4. 56 35 (>8 i 

27 .54 

22.81 

7 82 

6 04 

3.. 

-.do 

Without - 

- -do.- 

Without- 

4 95 35 59 i 

26 97 1 

24 22 

7 19 

5. 45 

4 

Without. 

With— 

Without- 

With — 

4 88 3() 63 

27 37 i 

25.28 

7.51 

,5.61 

5 

With 

[ 

-do 

- -do 

Without. 

4 27 32 52 

24. 74 1 

23.92 

1 7.62 

5.79 

All 



! 







loaves: 










1... 

Without. 

Without - 

-do ... 

-do 

11.09 80 92 

63.66 

21.. 33 

7,30 

5.74 

2.,. 

With 

With— . 

With .... 

With . -. 

18. 19 118 58 

93 30 

21 32 

6.52 

5. 1.3 

3.. 

...do... . 

Without - 

.do 

Without - 

18 88 117.33 

90 29 

Zi 05 

6.21 

4.78 

4- . 

Without. 

With- ... 

W Ithout . 

With — 

16.07 UMi.l3 

81.38 

23. .32 

6.60 

5.06 


With 

...do 

...do 

Without - 

16.19 106. i»3 

82.99 

22.39 

6.60 

6.13 






Per- 





Stalks* > 





cent 2 





1 

Without. 

Without 

...do 

..do 

37. 53 52. 77 

38. 2.5 

27. 62 



2 

With 

With.—. 

With 

With 

48.76 116.08 

88. 81 

22.83 



3 

...do 

Without. 

...do... - 

Without. 

42. 96 89. 33 

68. 01 

23.87 



4 

W ithout . 

W'ith 

Without - 

With 

40. 65 74. 92 

65 73 

2.5. 61 



5 

With 

...do 

...do 

Without. 

40.08 92.87 

70.91 

23 65 





t Stalk weights are averages for 1937 and 1938. 

* Percent of top (above-ground portion harvested). 
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The roots did not receive complete study, but among those studied 
there were decided differences in development (fig. 4). The roots of 
five plants from each treatment of the 1939 crop were washed o,ut of 
the soil by a stream of water from a hose, and the average air-dry 
weights were determined (table 8). There were very few fibrous roots 
on plants grown on the area held dry all season (treatment 1), but 
abundant fibrous roots were evident where the plants were irrigated. 
Since it was not practical to wash out all the roots throughout their 
entire length, it was not possible to determine the effect of soil-water 
relations on root length. 


Table 8. — Average area and moist and oven-dry weights of cured leaves per plants 
moist and oven-dry weights per square foot of cured leaves^ percentage of moisture 
absorbed by leaves when exposed to constant temperature and moisture conditions^ 
and weights of stalks and roots of Maryland Medium Broadleaf tobacco grown 
with and without rainfall or supplemental water, Upper Marlboro, Md,, 1939 

Measurements made at 88 rKTOoiit ndativc humidity and 77® F. on leaves from 24 plants oomprisinK 2 rows, 
or one>third, of plants for each treatment, the lower, middle, and top leaf groups usually consisted of 5 
or 6 leaves per plant] 


Plant part 
and treat- 
ment No. 


liOwer leaves: 

1 

2 

3 

4 

6 

Middle leaves. 

1 

2 

3 

4 

5 

Top leaves; 

1 

2 

3 

4 

6 


All 

leaves: 

1 ,,. 

2 — 

3 

4 

6 ... 


Stalks: 

3 

4 

6 

Boots: 

1 

2 

3 

4 

6 


Watei ti 

Pieclpitation 

reatmeiit 

I Irrigation 

A\er- 

age 

area 

per 

plant 

Moist 

weight 

Oven- 

dry 

weight 

Mois- 

ture 

Moist 

weight 

per 

square 

foot 

Oven- 

dry 

weight 

per 

square 

foot 

Early 

Late 

Early 

Late 





Si/nare 



Per- 







feet 

Gramt 

Grams 

cent 

Grams 

Grams 

Without 

Without 

Without . 

'Without. 

3 34 

23. 37 

18.91 

19 08 

7.00 

6.66 

With.. 

With- .. 

With.... 

With - 

4.03 

33 95 

26.54 

21.83 

6.89 

6.38 

do 

Without 

do 


fi gl 

34. 01 

27.24 

21JD7 

6 67 

6JJ1 

Without. 

With 

Without. 

With... 

3 84 

29.75 

23.78 

20.07 

7.75 

6.19 

With- ... 

. do . .. 

-.-do 

Without 

4.35 

32.21 

25 19 

21.80 

7.40 

6.79 

Without- 

Without- 

...do 

.. do ... 

3.28 

27.06 

21.27 

21 40 

8.25 

6.48 

With. .. 

With -- 

With . .. 

With 

4 M 

32 91 

2.5.36 

22.94 

7.25 

6.69 

...do 

Without 

do i 

Without - 

5. 32 

38 68 

29,71 

23. 19 

7.27 

5.58 

Without- 

With . - 

Without- 

With -. 

3.70 

31.88 

24. 81 

22. 18 

8.41 

6.55 

With.. . 

do , 

do -- 

Without- 

i.m 

35 41 

27. 13 

23.38 

7.60 

6.82 

Without. 

Without 

. -do . . 

...do. .. 

1 82 

16 60 

12.89 

22.36 

9.12 

7.08 

With 

With 

With..... 

With..... 

3.72 

29.96 

22.81 

23.87 

8 06 

6. 13 

..do 

Without- 

-- do 

Without- 

3.82 

:io 34 

23.07 

23.96 

7.94 

6.04 

Without. 

With- . 

Without- 

With 

2. 73 

22.84 

17.65 

23. 16 

8 37 

6.43 

With 

. do 1 

..do--.. 

Without. 

3.59 

29.48 

22.44 

23.88 

8.21 

6. 25 

Without - 

Without. 

. -do 

-—do 

8. 44 

67 03 

63.07 

20.83 

7.94 

6.29 

With. ... 

With 

With. ... 

With 

13 19 

90. 82 

74. 71 

22.84 

7 34 

5 66 

...do . -- 

Without - 

...do 

Without 

14.37 

103. 93 

80.02 

23.01 

7.23 

5 57 

Without. 

With. -- 

Without 

With-. . 

10.30 

84.47 

66. 14 

21.70 

8.16 

6.38 

With 

do... 

- do . .. 

Without. 

12.00 

97. 10 

74. 76 

23.01 

7.71 

5. 93 





~Per- 










cent ‘ 




1 


Without. 

Without. 

do - .. 

...do 

37.35 


31.64 




With 

With 

With ... 

With — . 

43 04 


67.84 




.. do . --. 

Without - 

...do 

Without - 

40 61 


64. 72 




Without - 

With. .. 

Without 

With. ... 

31 96 


31.07 




With.... 

...do-. 

-..do. .. 

Without 

41.88 


63.87 

i 



Without 

Without. 

.-do. 

..do 


106.00 

21.40 

79.81 



With 

With 

With 

With 


314.00 

63.90 

79.66 



...do.- .. 

Without - 

...do 

Without - 


298.00 

69.50 

76,68 



Without. 

With 

Without. 

With 


181.00 

33.60 

81.44 



With..... 

..do.. . 

...do 

Without. 


193.00 

37.40 

80.62 

1 




Percent of top (above-ground portion harvested), 
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Figure 4. — -Tobacco roots typical of those produced in irrigation series: A, With- 
out rainfall or supplemental water during the entire period of growth ; B, with 
rainfall and supplemental water throughout period of growth; C, with rainfall 
and supplemental water during early period of growth, but without either during 
late period of growth; D, without rainfall or supplemental water during early 
period of growth, but with both rainfall and supplemental water during late 
period of growth; with rainfall only during entire period of growth. Photo- 
graphed October 1939. 


BIOCHEMICAL STUDIES 

The results presented in tables 9 and 10 are based on samples taken 
from series A (lowland) and B (upland) and represent average values 
corrected for the sand and other siliceous soil material adhering to the 
leaves. In most details the results from the two series agree as to 
effects produced by irrigation. The areas of leaves with midribs 
removed were determined by tracing on manila wrapping paper, 
measuring tlu* total area of the paper, cutting out and weighing the 
leaf tracings, and calculating the areas on tin' basis of weight relations. 
The water supplied definitely increased the leaf area, green and oven- 
dry weights per leaf, water content, and green weight per square foot 
(table 9). These increases were as a rule dir(*ctly related to the amount 
of water supplied by irrigation. The oven-dry weight per square foot 
in general was inversely related to the amount of water supplied. 
Much the same relations are apparent in table 10. The treatments 
for 1935 did not include a differential rate of irrigation, but did include 
differences in time of application. Withholding the water for 3 weeks 
prior to harvest (treatment 3, table 10) resulted in leaf weighing less 
per unit area than that from any other treatment represented, agreeing 
with the results presented in tables 7 and 8. However, in this instance 
the weight was much less since the results were corrected for sand and 
other suiceous soil material and the midrib weight was not included 
in the total area weight from which the calculations were made. It is 
interesting to note that the green weight per square foot of leaf area 
was lower in the area where water was withheld than in the area 
where water was added, supporting the values in the next column 
showing a greater weight per square foot of oven-dry material. This 
difference apparently was larg^ water, as the leaf showed a lower 
percentage of water. These difieronces became more pronounced as 
the season advanced; the August 23 samples show a wider difference 
than the July 23 samples. 

764540—47 3 
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The results of analysis of the 1935 crop (table 11) are based on 
averages from series A and B, which were in reasonably close agi ce- 
ment. The percentage of nitrogen in the leaves, stalks, and tops of 
plants grown in areas from which water was withheld was definitely 
higher than in plants from areas supplied with water during early 
growth. However, the highest percentage of nitrogen was found in 
the leaves, stalks, and tops of plants grown on the area from which 
water was withheld early in tlie season and supplied during the last 
3 weeks of growth (treatment 4). In fact, the percentages of all the 
ash constituents except sulfur were highest when the water was sup- 
plied only during tlu^ late period of growth. The percentage of phos- 
phoric acid (P2O5), although low regardless of treatment, showed 
much the same relations as nitrogen. Tlu' percentage of potash 
(K2O) was definitely lower in th(‘ leaves of plants grown in the area 
from which water was withheld than in areas where it was supplied, 
but the h»af grown under the late irrigations showed the higliest 
content of tliis constituent. This increase in potash cannot be 
accounted for by the potash content of the water apjfiied, as analysis 
of th(‘ water showed less than 4 pounds of K2O applied per acn^ where 
suppl(*mental water was supj)lied throughout th(‘ s(‘ason. The data 

Table 9. — Average leaf area, green and oven-dry weights per leaf, water eontent, green 
and oven-dt'y weights per square foot of leaves from plants of Maryland Hroadleaf 
tobaeeo grown with and without rainfall or supplemental water. Upper Marlboro, 
Md., 1034 


Samples consisted of l.'i half lea\ es taken from 2 (groups of If) plants so as to avoid se\ eie unit ilation of plants 
values shown aie averages from s<*nes A and B correeted for udherm^ sand and other siliceous soil mate 
rialj 



Watoi treatment 

Average leaf 


Oreen 

weigh! 

pel 

square 

foot 

(Jveii- 

dry 

Date, leaf.i and 
treatment No. 

Precipita- 

tion 

Irrigation 

Area 

(ireeii 

weight 

Oven- 

dry 

weigh! 

Water 

weight 

per 

sipiare 

foo! 

July 81 (seventh 
leaf). 

1 

Without 

Without 

Square 

feet 

0 71 

Ora ms 
10 58 

Grams 

2 05 

Percent 
87 04 

Grams 
Zi ,3.5 

Qra ms 

2 89 

2 

With. . . 

H mch twice w(,H‘kly . 

7H 

19 m 

2 4.3 

87.74 

25 87 

.3 20 

3 . - 

-.-do 

1'2 inch twice weekly 

.80 

20 55 

2 41 

88 27 

25 09 

3.01 

August t? (sev- 
enth leaf); 








1 

Without 

Without 

78 

17. .59 

2. 55 

85 50 

22. 55 

3 27 

2 

With 

M mch twice weekly. 

1.01 

25. 71 

3.88 

84.91 

25. 40 

.3. 84 

3 

- do 

inch twice weekly. . 

1 20 

34.00 

1.(95 

80.29 

20 . :io 

.3 01 

August 14 
(eighth leaf)- 








1 

Without - . 

Without 

.88 

20. 32 

2.07 

80. 80 

2:3. 09 

3.03 

2 

With . 

% meh twdci* weekly 

1 07 

27. 51 

3 33 

87.90 

25 71 

,3.11 

3 

-.-do 

H inch twice weekly. . 

1.1.5 

.30.20 

3 45 

88.58 

20. 20 

3.00 

August 21 
(eighth leaf) : 

'1 


Without . 

Without 

87 

18.00 

2.04 

85 85 

21.45 

3.0.3 

2 

With 

M inch twice weekly. 
M inch twlci* weekly - 

1.2,5 

30. 07 

3.93 

87 19 

24.54 

3.14 

3 

...do 

i.58 

40. o;i 

4 52 

88.88 

25. 72 

2. 80 

August 28 (ninth 
leaf): 








1 

Without. - 

Without 

.97 

22.29 

3. 10 

85. 82 

22.98 

3. 20 

2 

With 

]fi inch twice weekly . 
H inch twiw weekly. . 

1 Xi 

31.0:3 

i 3 70 

87.88 

25.23 

3.00 

3 

...do 

1.45 

37.41 

4 07 

89.12 

25.80 

2.81 

September 6 
(ninth leal): 








1 

Without . 

Without 

.89 

18. 32 

2, 04 

83. 05 

20.58 

3.30 

2 

With 

inch twice weekly. . 
H Inch twice weekly. . 

1.38 

31.57 

4.00 

86.43 

22.88 

3.33 

3 

--.do 

1.72 

42.87 

4.91 

88. 56 

24.92 

2.85 


1 Leaves numbered from bottom of plant. 
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thus indicate an important influence of water upon the availability 
to the tobacco plant of relatively insoluble soil potash. The per- 
centages of lime and magnesia were increased by withholding water, 
but the reverse appears to be true of sulfur. However, when water 
was added late in the season the percentages of lime and magnesia 
were increased. The plants from the control treatment tended to 
approach those that received the late additions of water in percentage 
content of the various constituents. The percentage of total ash 
content was lowest in the leaf of plants grown where water was sup- 
plied throughout the growing period and highest where water was 
supplied during the last 3 weeks prior to harvest. These same rela- 
tions prevailed for the stalks and consequently for the tops, including 
leaf and stalk. 

The actual recovery values for ash constituents (pounds per 
acre) were related much the same as the percentage values were 


Table 10. — A\)traQe. leaf area, green and oven-dry weights per leaf, water content, 
green and oven-dry weights per square foot of leaves from plants of Maryland 
Broadleaf tobacco grown with and without rainfall or supplemental water, Upper 
Marlboro, Md., 1935 

Samples consisted of Ifl half leaves taken from 2 Rroups of 15 plants so as to avoid severe mutilation of plants ; 
values .shown are averages for series A and B corrected for adhering sand and other siliceous soil 
maUTial] 


Water treatment 


Date, leaf,* 





and treat- 
ment No, 

Precipitation 

Irrigation 


Early 

Late 

Early 

Late 

July 23 (sev- 





enth leaf). 





1 

Without . 

W'ithout- 

W'ithout.. 

Without-- 

2 

W'ith .... 

With .... 

W'ith 

With- 

3 

- . do 

Without 

do 

Without 

i 

Without.. 

With . . 

W ithout 

W'ith . 

5 

With .... 

.. do 

.. do.. --- 

Without-. 

July 30 (.sev- 
enth leaf); 





1 

Without-- 

W'ithout-- 

...do . . 

.. do 

2 

W'ith 

With 

W'ith . . 
do .. 

W'ith - - 

3 

...do,_ ,, 

W'ithout - 

W'ithout-. 

4 

W'ithout 

With .... 

Without - 

W'ith 

5 

W'ith 

- do .. 

.-do - 

W'ithout.. 

August 0 
(eighth 
leaf): 




1 

W'lthout-- 

W'ithout . 

...do - 

.. do 

2 

With 

W'ith ... 

With .... 

W'ith 

3 

...do 

Without 

.. do . .. 

Without- 

4 

1 W'ithout-- 

W'ith .... 

W'ithout. 

W'ith 

6 

August 13 

W'ith .... 

..do 

do 

Without- 

(eighth 

leaf); 





] 

Without - 

Without - 

-.-do 

. do ... 

2 

W'ith . 

With .... 

With... - 

W'ith .... 

3 

-.do 

W'ithout- 

-.-do-. . 

Without - 

4 

W'ithout- 

W'ith 

Without- - 

With 

5 

W'ith 

.. do 

do.. -- 

Without- 

August 23 
(ninth 
leaf); 





1 

Without-. 

Without- 

..-do 

...do 

2 

With . 

With 

With 

W'ith 

3 

. - do . - . . 

W'ithout-. 

...do - 

W'ithout- 

4 

Wlthout- 
With 

With .... 
-.-do 

Without-- 

With 

6 

—do 

Without- 








Average leaf 
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(table 11). However, there was one notable exception: the greatest 
recovery of total ash and most constituents that make up the ash 
took place in plants on the control plot. The lowest took place con- 
sistently where the soil was held dry during the entire period (treat- 
ment 1). However, on the basis of recovery per square foot of leaf 
surface, the leaves grown under the dry condition early in the season 
showed higher recovery of all constituents except potash and sulfur 
than those grown under other treatments. 

The results of the analysis of the 1936 crop from series B (table 12) 
showed much the same relations as those for 1935 (table 11). The crop 
grown under dry conditions (treatment 1) had the highest percentage 
of nitrogen and the greatest content per unit area of leaf, but a lower 
recovery in pounds per acre than the crop that received treatment 5 
because of the small size of the plants. The percentage of potash 
was about the same in the leaf produced on the control plot as in that 
grown under irrigation, but the highest total recovery in pounds per 
acre took place where supplemental water was added. Again, the 
lowest recovery in pounds per acre took place in plants grown where 
water was withheld. The main difference appears to bo one of size 
of plant rather than increased percentage of any constituent. The 
exceptions to this generalization were the highest percentage of 
nitrogen in leaf of plants grown for the entire period with low soil 
water (treatment 1) and the lowest percentage of nitrogen in the leaf 
grown under irrigation (treatment 2), apparently the result of leaching 
from the soil. 

In both 1935 and 1936 the percentages of nicotine in the leaf and 
stalk of plants grown without water (treatment 1) were distinctly 
higher than in those of plants grown with irrigation throughout the 
season. Nicotine content per unit area of leaf was also highest in plants 
grown without water. The application of water late in the season 
produced a higher percentage of nicotine as well as a larger amount 
per square foot of leaf area than other irrigation treatments. The 
percentage of nicotine was lowest where there was continuous irriga- 
tion. These comparisons seem to bear some relation to the nitrogen 
content. The yields of nicotine on the acre basis did not show the 
same relation to the treatments that the percentages did because of 
compensation in size of plants. 

Some studies were made to determine the effect of irrigation on 
the organic constituents of tobacco (table 13). In the late stages of 
growth starch and sucrose were definitely higher in the leaf grown 
under dry conditions (treatment 1) than in that grown with abundant 
moisture (treatment 2). Leaf composition 01 control plants was 
similar to that of leaf subjected to treatment 1 . There was apparently 
a difference in the content of reducing sugars. 

YIELDS, VALUE, AND QUAUTY OF THE CHOP 

The yields and value of the crop are in the last analysis the best 
tangible measure of the product. The crop must be acceptable to 
the trade to become an economic factor in agriculture. It is not always 
possible or easy to obtain a true picture of yield and value relations, 
but carefully conducted tests for a period of years offer the best 
available approach. The results presented in table 14 show striking 


Table 12. — Average weight per plants content and recovery per acre of the different plant-food constituents y and content and yield of nicotine 
from Maryland Broadleaf tobacco grown with and without rainfall or supplemental water, Lpper Marlboro, Md., 1936 

f Determinations based upon 24 sample plants from series B (moisture*free basis and corrected for sand and other siliceous soil material)] 
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Table 12. — Average weight per plunt, content and recovery per acre of the different plant-food constituents, and content and yield of nicotine 
from Maryland Broadleaf tobacco grown with and withoxd rainfall or supplemental water, Upper Marlboro, Aid., 1936 — Continued 


238 


Journal of Agricultural Research voi. 75, nos. 9, lo 




Nor. 1 , 16 , 1947 Effects of Controlled Soil Moisture on Tobacco 


239 



1 Corrected for sand and other siliceous soil material. 
* Time of flowering and topping. 
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and consistent differences in yield and gross value per acre of tobacco. 
These differences were the result of variation in rainfall and additions 
of supplemental water to the field-grown crop. There necessarily are 
variations in the results from year to year and between the two soils, 
but the yields and values obtained show somewhat the same relations 
each year. 

Possibly the most notable variations were shown by tobacco grown 
on the control plot under normal rainfall (fig. 5, A ) ; sometimes the yield 
was as large and the value as great as for crops produced with addi- 
tional water. However, this is to be expected, since under ideal distri- 
bution of rainfall the results from the control treatment could even 
exceed those obtained from irrigation, as the excess water might cause 



Figtthe 5. — Tobacco grown (.<4) under i)revailing rainfall and (B) without rainfall 
or supplementary water. Border plants were removed just prior to harvest. 
The scaffolding shown was for the support of the canvas. Photographed 
August 26, 1936. 


leaching and reduce the yields and values; if the season were unusually 
dry, however, the results might approach those from area 1, which 
received no water from rainiall or irrigation. The highest average 
value was obtained by the addition of supplemental water as required 
throughout the growing season (fig. 6, A ) ; the higliest yield and the next 
highest value were obtained for tobacco from the plot where water 
was withheld late in the season. The control plot gave the next 
highest average yield and value. This was followed by those of the 
plot which received water only late in the season. The lowest yields 
and values were obtained from area 1 from which water was withheld 
during the entire growing period. These same relations are evident 
in the average price per pound; the highest price obtained was for the 
leaf from the irrigate plot. 

The stalk yields showed much the same relations as the leaf yields, 
but the highest percentage of leaf was found with the lowest vields 
(treatments 1 and 4) and the lowest percentage of leaf was found with 
the highest yields (treatments 2 and 3). Although a large stalk is not 
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desirable, it appears that with the present varieties the stalk yield 
increased out of proportion to the leaf yields. 

The average value of the crop for the years covered by the test 
indicates that there is no ^eat advantage in using supplement^ water 
in addition to normal rainfall. It should be pointed out that the 
rainfall was usually adequate during the years covered by the test; 
however, if such a season as 1930 or 1943 had occurred, the results 
from irrigation woidd have been more striking. It seems to be clear 
that a higher quality product is consistently produced, as indicated 
by the average price per pound, by the use of irrigation as a supple- 
ment to naturm rainfall. If economic conditions should change so 
that high-quality leaf would demand a greater premium, the use of 



Figube 6.— Tobacco grown (.4) with prevailing rainfall and supplementary water 
when required and (/I) with the prevsilitig rainfall as the only souree of water. 
Photographed August 26, 1936. 


irrigation might bo more profitable. These relations are further 
brought out in table 15, in which percentage of leaf for each grade is 
shown. These grades do not represent equal samples, but they indi- 
cate quality relationships. The high percentage of dull, or tip, grade 
indicates immaturity of leaf (treatments 1 and 4). 

It is generally recognized by the trade that good fire-holding 
capacity is a prime requisite of Maryland tobacco. The high quality 
of the leaf produced as a result of irrigation is well illustrated by 
table 16, in which the fire-holdii^ capacity is shown. The leaf pro- 
duced on the plot kept dry during the entire period showed a low 
fire-holding capacity, as did the leaf grown on the plot that got l^e 
irrigation. There was apparently some reduction in fire4iolding 
capacity of the leaf produced on the area kept dry for only 2 to 3 
weeks before harvest. Where supplemental water was added through- 
out the period of growth, the leaf showed the highest fire-holding 
capacity. As was to be expected, the leaf grown on the control area 



Table 15 . PropoHion of leaf tobacco in each farm grade in crops ^roum wtk and mthout rainfall and supplemental water, Upper Marlboro, 
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1 Calculated from original data. 
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was erratic in firo-holdine capacity from season to season, but on the 
average it approached Jtnat of the leaf grown on the area irrigated 
throughout the season. 


Table 16. — Fire-holding capacity of leaf tobacco grown with and without rainfall and 
Bupplemental water, Upper Marlboro, Md., 1934-36 and 1938-39 
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DISCUSSION 

J^The studies to determine the eifeots of irrigation were carried out ou 
typical tobacco soils of southern Maryland; the heavier soils of this 
section were not represented . In other words, these tests were con- 
ducted on light soils that are subject to the leaching common under 
field -conditions. Heavy soils are generally poorly suited to the pro- 
duction of Maryland tobacco and many other types becatise water- 
logging sometimes occurs. Irrigation, or the use of supplemental 
water, on heavy soils if followed by heavy rainfall might result in 
insufficient oxygen for proper root development; it might even cause 
destruction of the greater part of the functioning roots. The over- 
head irrigation system used in this experiment was preferred since it 
washes the leaves much as rainfall does“and is the_desirable_mothod 
for use on light soils subject to leaching. 

There is reason to believe that the leaf tobacco produced on the. 
areas held dry for the entire period of growth was not the typical 
dry-season product, since it was grown under very extreme conditions. 
In dry seasons soil is usually wet for a time and then is extremely 
dry for a period longer than the 2 to 3 weeks prior to harvest that 
certain areas in these experiments were kept dry. It is also true 
that atmospherjc humidity above the dry soil area was not reduced, 
whereas it woind be reduced during a dry season. However, the 
addition of water late in the season to an area which had been held 
dry for 2 to 3 weeks before harvest resulted in the succulent immature 
or second growth which produced cured leaf of poor quality. 
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Anderson and his associates {1 , J?, S) recognized the effect of leaching 
where irrigation is practiced and used nitrates to offset it. It should 
be recognized that accurate control of supplies of nitrate as well as 
of all other nutrient relations is desirable, but such control is diffi- 
cult if not impossible to attain under field conditions. It is chiefly 
these relations that produce responses in any field study of irrigation 
effects on growth of tobacco. 

The effects of< irrigation during the early part of the season or 
throughout it on weight per square foot of leaf area are consistent in 
that leaf produced on irrigated plots weighed less than that pro- 
duced on plots from which water was withheld. This would appear 
to indicate a lower density per unit area, as the leaves were definitely 
larger. The striking and consistent effect of irrigation in increasing 
the potash content of the leaf may be a partial explanation of the 
high quality of the product. Previous work {15) had shown a prod- 
uct of higher quality where liberal potash applications were made. 

The higher nicotine content of leaf produced under dry conditions 
would appear to contradict the results previously reported when 
tobacco was grown for studies of nicotine production {H). The 
earlier tests demonstrated that irrigation generally increased the 
nicotine content, other factors being equal. However, it should be 
pointed out that the tests under discussion were conducted on soils 
of low fertility, particularly low in nitrogen, whereas the previous 
tests were conducted on highly fertile soil. 

The improvement in fire-holding capacity of the leaf associated 
with abundant moisture from rainfall and supplemental water through- 
out the growing period appears to be an established fact. Such 
leaves had a lower weight per unit area as well as a higher content 
of potash. 

SUMMARY 

Irrigation experiments with tobacco were carried out on liberally 
fertilized loamy sand and sandy loana, typical tobacco soils of south- 
ern Maryland. Precipitation was withheld by means of a movable 
canvas from one area and supplementary water was added when 
required to another area in an attempt to simulate dry- and wet- 
weather conditions simultaneously on adjacent areas. The treat- 
ments were continuous throughout the season on two areas and were 
reversed late in the season on two others. The responses in growth 
and composition of tobacco subjected to the four treatments were 
compared with those of tobacco subjected to the prevailing weather 
conditions on a fifth area. 

A larger leaf with a lower weight per unit area was produced when 
irrigation was used as a supplement to rainfall during the early part 
of the season or throughout it. The leaf area per plant produced 
with irrigation was about 25 square feet for the Maryland Broadleaf 
variety and 21 square feet for the Maryland Medium Broadleaf 
variety; these values were approximately double those for leaves 
produced where water was withheld during most of the growing period. 

The cured leaf from tobacco subjected to inigation treatments 
absorbed a higher percentage of moisture when exposed in a constant- 
temperature and humiditv room than did leaf grown under dry 
conditions. 
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The most outstanding differences in composition of loaf were the 
liigher potash percentage in leaf from plants grown on irrigated areas 
and the higher nitrogen percentage in the leaf from plants grown under 
dry conditions throughout the growth period or during early growth. 
The leaf produced under dry conditions during early growth or 
throughout the growing period was also definitely higher in nicotine; 
the nicotine content paralleled the higher nitrogen content. The 
highest percentage of ash was found in the leaf produced on areas to 
which water was supplied during the last 2 to 3 weeks before harvest 
and the lowest ash in leaf produced on areas from which water was 
withheld for most of the growing period. 

The average yield, value, and price per pound of leaf tobacco were 
consistently in favor of using supplemental water with rainfall rather 
than withholding both. The advantage from the use of supplemental 
water, when compared with rainfall onfy, did not show up so decisively 
or so consistently, since during the period covered by this test the 
rainfall was generally almost adequate for normal growth. Never- 
theless, on the average, there was a small increase in value when sup- 
plemental water was used during the early part of the growing period 
and throughout it. Withliolding water during the early part or 
throughout the growing period resulted in a leaf of poor quality as- 
sociated with immaturity, as indicated by the high percentage of 
leaf in the dull, or tip, grade. 

The fire-holding capacity of the leaf was strikingly and consistently 
improved by the use of supplemental water during early growth in 
addition to rainfall. 
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EFFECT OF INITIAL ACIDITY ON CALCIUM AND MAG- 
NESIUM KEQUIREMENTS OF TOBACCO IN ASEPTIC 
CULTURE ^ 


By Robert A. Stbinbeiu] 

Physioloffist, IHvuion of Tobacco, Medicinal, and Special Vropg, Bureau of Plant 

Industry, Soils, and Agricultural Engineering, Agricultural Research Admin- 
istration, United States Department of Agriculture 

INTUOniTOTlON 

A great deal of investigational work has been done on tlie relation 
of acidity to the growth of plants. A summary by Russell ^ mentioned 
the fact that a slight degree of acidity is usually beneficial in solution 
cu]tn]*e. He continued witli the statement: ^Tn soils, on the other 
hand, plants make their best growth in neutral or nearly neutral 
conditions."’ Definite evidence is available, however, that this general- 
ization is too broad and that acidity may or may not be beneficial in 
either growth medium.^ A summary by Pettinger ^ seems to indicate 
that many soils suitable for good crop production are acid in char- 
acter. These writers emphasized not acidity in itself, but its influence 
on availability of nutrients. Similar evidence was presented by 
Albi'echt and "Schroeder. Arnon and Johnson® found in addition 
that an increase in calcium ions could compensate for decreased avail- 
ability of calcium due to excessive acidity. Acidity of the growth 
medium, therefore, would seem to be only one of many factors influenc- 
ing availability, and not the all-important factor it was first considered. 

A brief study, therefore, has been made on the relation of acidity 
in the range pft 4 to 7 to the calcium and magnesium requix*ements 
of vseedlings of Xanthi Turkish tobacco {Nicoiiana idbacwm L.) in 
aseptic culture under controlled environmental conditions. The ab- 
sence of extraneous mici’o-organisms in siu^h studies is not usually 
considered important, although no evidence for this assumption is 
known. The data obtained with increasing quantities of calcium and 
magnesium at several initial acidities of the nutrient solution are 
presented in the form of growth curves, 

* Received for publication January 27, 1947. 

* Russell, E. J. soil condhtons and plant growth. Ed. 7, 655 pp., Ulus. 
1937. (Seep. 121.) 

* Hoagland, D. R. lectures on the inorganic nutrition of plants. 226 pp., 
Ulus. 1944, 

‘ PBnriNGER, N. A. A useful chart fob teaching the reijltion of soil reaction 
to the avaiijvbility of plant nutrients to crops. Va. Agr. Col. Ext. Bui. 186, 
19 pp., Ulus. m35. 

® Albrix’HT, W. a., and Schboeder, R. A. plant nutrition and the hydrogen 
ion : I. plant nutrients used most effectively in the presence of a signifi- 
cant concentration of hydrogen IONS. Soil Scl. 53 : 313-327, Ulus. 1942. 
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EXI*ER \ MENTAL PROCEDItrk 

Xanthi Turkish tobacco seedlings were grown on 50 cc. of a mineral- 
salt solution in 200-cc. Pyrex Erlenmeyer flasks under aseptic con- 
ditions. The temperature used was 25° C., and light of about 500 
foot-candles was furnislied by 3,500° white fluorescent lamps. The 
growth period was 28 days. 

The mineral-salt solution consisted of whaler, 1,000 cc.; Ca(N08)2-- 
4H2O, 1.444 gin.; Mg.(XO»)..6HA 0.318 gm.; K2HPO4, 0.366 gm.; 
KliS04, 0.085 gm. ; and NII4CI, 0.072 gm. Separate stock solutions of 
calcium nitrate, magnesium nitrate, and potassium phosphate plus 
IK)tassium bisulfate plus ammonium chloride in 20 X concentration 
were used in the preparation of the mineral-salt solution. In preparing 
cultures with varying quantities of calcium ion, calcium nitrate was re- 
placed with 1.039 gm. of sodium nitrate (NaNOa) and calcium w^as 
added as the chloride. Magnesium nitrate, similarly, was replaced 
wdth 0.211 gm. of sodium nitrate in the study of magnesium concentra- 
tions. The base solution, therefore, contained nitrogen, 225 mg.; po- 
tassium, 189 mg.; phosphorus, 65 mg.: magnesium, 30 mg.; calcium, 
245 mg. ; and sulfur, 20 mg. per liter. Micronutrient s, except for boron 
(HaBOs), were added to this solution as the chlorides. The quantities 
used w’ere iron, 15 mg. ; zinc, 0.5 mg. ; copper, 0.125 mg. ; manganese, 1.0 
mg.; and boron, 0.5 mg. per liter. Acidity w’as adjusted wdth 0.1 N 
hydrochloric acid. 

The composition of the mineral-salt solution was equivalent to that 
used by McMurtrey ^ in solution-culture studies with tobacco. It 
differed only in that potassium was increased from 125 to 189 mg. per 
liter and in that potassium nitrate, monopotassium phosphate, and 
magnesium sulfate w’ere replaced with dipotassium phosphate and 
potassium bisulfate, the other salts being readjusted in coment ration. 

The cultures in the magnesium series contained 57.1 mg. of sodium 
ion per liter and those in the calcium series 281.1 mg. in addition to 
all the essential elements. Addition of hydrochloric acid for pH 
adjustment totaled not more than 28 mg. of chloride ion per liter, as 
compared with the 31 mg. originally ])resent as ammonium chloride. 
Use of the chlorides of magnesium and calcium further increased the 
chloride-ion content by a maximum of 29.2 and 442.3 mg. per liter, 
respectively, depending on the particular concentration of magnesium 
or calcium ion employed. 

The tobacco seeds were germinated in sterilized petri dishes contain- 
ing a layer of blotting paper and several layers of filter paper. Seeds 
sterilized by immersion in 1 : 1,000 silver nitrate solution for 15 
minutes were washed several times with sterile distilled water and then 
poured as a water suspension into the ])etri dishes. With a flamed 
platinum needle the seedlings were transferi'ed to stei'ile Erlenmeyer 
flasks containing the nutrient medium and deposited on a double- 
layer of filter paper held in a plant holder. This holder consisted of a 
glass rod 4 mm. in diameter which passed through tlie absorbent cot- 
ton in the neck of the flask and had a ^lass rin^ fused to its lower 
end. The filter-paper disks were held in this ring by means of a 
loose inner glass ring as shown in figure 1. The edges of the paper 

^McMuetrey, J. E., Jr. distinctive effects of the deficiency of cfjitain 

ESSENTIAL EIJ*:MENTS ON THE (iHOWTH OF TOBACCO PLANTS IN SOLUTION CULTURES. 

U. S. Dept. Akf. Tech. Bnl. 340, 43 pp., illus. 1933. 
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disks were bent doVii and forced between the rings to keep them in 
position and were then jierforated. The purpose of the holder was 


Figitkk 1 , — Throe-wet"k-old 
seedling of Xanthl Turk- 
ish tohaeco growing un- 
der aseptie conditions. 
A glass rod with f used-on 
ring i)asses througii tlie 
al)sorbent-cottou pi u g. 
1'wo tiiter-i)ai)er disks, 
wliich are perfc»rated 
willi a needle after In- 
sertion in holder, are 
held in place in the ring 
hy means <»f a loose inner 
glass ring, the edges of 
tile paper disks being 
forced between the two 
tings. 



to prevent contact of all but the roots of the plant with the solution. 
All glassware and media were sterilized at 15 poumls’ pressure for 
30 minutes. 

At harvest the seedlings were washed, dried in the oven at 103° 
to 105° (I for 4 hours, cooled in the desiccator, and then weighed. 
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Two of the four duplicate seedlings were weighed together as a unit 
in each determination. Statistical methods appeared inapplicable, 
since it was necessary to reject about 10 percent of the seedlings be- 
cause of contaminations with micro-organisms and unintentional 
injuries during transfer to the flasks. Some injui’ed seedlings did not 
grow out of the cotyledon stage. 

INFLUENCE OF ACIDITY ON CALCIUM REQUIKBMENT 

The effects obtained by varying the calcium content on the growth 
ot the seedlings at four levels of acidity are shown in figure 2. The 
initial acidity levels were pH 6.48, 5.98, 5.42, and 4.39. Each value 
for dry weight is the average for eight seedlings, or for four in each 
of two determinations. The acidities at harvest were obtained by 
mixing the four residual solutions in each run and averaging the pH 
values in both runs. The averages found in this manner are not true 
pH values, but the deviations for the small variations encountered are 
probably well within those of experimental error. 

It will be observed that in the solution at pH 6.48 the calcium opti- 
mum for groAvth was about 100 mg. per liter and that residual acidity 
of the solution increased wdth calcium content. The inci-ease in acidity 
I)ersisted even with decreasing yields. At an acidity level of ])H 5.98 
the growth curve was much flatter because of the slightly increased 
yields at deficiency levels of 25 and 50 mg. of calcium per liter. A 
contributing factor was a moderate de(*rease in maximum yield. 
Acidities at harvest also increased at this initial j)H, but less than at 
pH 6.48. 

INFLUENCE OF ACIDITY ON MAGNESIUM REQUIREMENT 

The relation of magnesium requirements to acidity of the nutrient 
solution is shown in figui*e 3. Determinations were made at three levels 
of initial acidity — pH 5.96, 5.31, and 4.34. The number of repetitions 
}ind the method of avei’aging values wTre the same as those in the 
calcium series. At pH 5.96 the maximum yield w as obtained with 6 mg. 
of magnesium per liter. Increasing acidity decreased maximum yields 
only slightly and did not alter the optimum magnesium concentration. 
Increasing acidities also caused slight decreases in yield with sub- 
optimum concentrations of magnesium. At harvest acidities were in 
all cases approximately the same and w^ere influenced but little by the 
initial acidity of the nutrient solution. 

DISCUSSION 

Adjustments in hydrogen-ion concentration and magnesium or cal- 
cium content of the nutrient solution are of course not feasible with- 
out alterations in other constituents. Moreover, it seemed advisable 
in these experiments under aseptic conditions to follow the usual 
procedure of using sodium and chloride ions, that is, sodium nitrate, 
hydrochloric acid, and the chlorides of magnesium and calcium. The 
basis for this procedure is the apparent nonessentiality of sodium and 
chlorine for growth of green plants. Nevertheless, SMium and chlo- 
ride ions cannot be assumed a priori to be without influence on growth. 
Similar series employing fluctuations in essential ions miglit also be 
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Figure 2. — Average acidities of solutions at harvest and average weights of 
Xanthi Turkish tobacco seedlings grown for 28 days wltli continuous llluinina- 
tlon of 5(X) foot-candles in nutrient solutiens containing different amounts of 
calcium and having different initial acidity levels ; A, pH 4.39 ; 5, pH 5.42 ; C, 
pH 5.98; and D, pH 6.48. 
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desirable for comparison, thouf?h it would be necessary to use initial 
excesses in order to avoid deficiencies. 

The degree of influence of sodium and chloride ions in the calcium 
and magnesium series is indicated in several ways by the experimental 



Figuke 3. — Average acidities of solutions at harvest and average weights of 
Xanthi Turkisli tol)ac^'o seedlings grown for 28 days with continuous illuraina* 
tion of ntX) foot-candles in nutrient solutions containing different amounts of 
magnesium and having different initial acidity levels : .1, pH 4.34 ; By pH 5.31 ; (7, 
pH 5.96. 

data. The maximum yields in the two series were 63 mg. for magne- 
sium and 60 mg. for calcium at the highest initial pH employed. The 
effects of a fivefold increase in sodium ion and of a sixfold increase in 
chloride ion as between the series are therefore rather small. More- 
over, though the highest concentrations of chloride are concomitant 




Nov. 1,15, 1047 Calcium and Magnesium Requirements of Tohacco 257 


with those of magnesium and calcium, the depressions in yield at high 
nutrient levels were greatest in the magnesium series containing only 
one-fifth the chloride anitent. Furthermore, no symptoms of injiir> 
attributable to sodium or chlorine could be detected in either series. 

The effects of increasing acidities on requirements of Xanthi Turk- 
ish tobacco seedlings were not entirely unifoim for calcium and mag- 
nesium. With magnesium maximum yield decreased with increasing 
acidities within an initial range of pH 5.90 to AM. Since the optimum 
concentration of magnesium for growth remained unaltered, the mag- 
nesium requirement was thereby increased slightly. Increasing acncl- 
ity also decreased maximum yield with calcium concentrations and 
so also increased the calcium requirement for growth. Increased acid- 
ity, however, increased yields at suboptimum concentrations of cal- 
cium and thus brought about a relative decrease in calcium require- 
ments at intermediate acidity levels in the more acid series. At an 
initial acidity of pH 0.48, for example, yields witli 25, 50, 75, and 100 
mg. of (iulcium per liter were 49.0, 52.8, 50.4, and 01.2 mg., respectively; 
whereas the corresponding yields for an initial acidity of pH 5.98 
were 51.;3, 54.4, 54.5, and 56.3 mg. There was also a slight increase in 
absolute values for yields in the more acid series at siiboptinium levels 
as compared with the less acid series. Furthermore, it should be noted 
that inaxiniinn yield was attained with 75 mg. of (‘alciuin with an ini- 
tial pH of 5.98, wheieas 100 mg. of calcium was required at pH 0.48. 

These data cannot, however, be <*onsidered as proof that growth 
res])onses to calcium and magnesium display an intrinsic qualitative 
difference. The ranges used vere not identical; that for magnesium 
extended from 0 to 100.07 percent of the optimum, whereas that for 
calcium was 0 to 250 percent of the optimum. Moreover, it is not (*er- 
tain but that the concentrations of other macronutrients and of the 
microimtrients used in the nutrient solution form the basis for these 
qualitative dift'erenccs. 

These data seem to indicate that acidity is not necessarily beneficial 
in a solution culture l)ut that its action is dependent on the composit ion 
of the nutrient solution. Maximum yields were obtainable without 
resorting to an increased acidity to increase availability of nutrient 
ions. On the other hand, if a stock solution of much lower calcium 
content had been used, it is evident that increased acidity would have 
proved beneficial in the calcium series and perhaps also in the mag- 
nesium series. These statements might be summarized by stating that 
acidity may prove harmful to growth if all nutrient ions are present 
in ample quantity, but beneficial if there is a dehciency of calcium and 
perhaps of otlier elements. 


SUMMARY 

Xanthi Turkish tobacco seedlings were grown aseptically on 50 cc. 
of a mineral-salt solution in 200-cc. Erlenmeyer flasks at 25° C. with 
500 foot-candles of white fluorescent illumination. The calcium 
and magnesium ontima for growth were determined at several levels of 
initial acidity witlun the range pH 4 to 7 (adjusted with hydiwhloric 
acid). Increased acidity brought about increased calcium and mag- 
nesium (as chlorides) requirements by deex’easing growth with identi- 
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cal supply of these elements. Growth decreases were greater with 
increased acidity in the calcium series than in the mamesium series. 
Moreover, although the concentration-yield curves for magnesium 
remained practically unaltered in form with varying acidity, the 
analogous calcium curves tended to become straight. That is, the 
optimum for magnesium remained unaltered whereas that for calcium 
decreased with acidity. The residual solutions at harvest were usually 
slightly more acid than the unused nutrient solutions and were rather 
uniform in acidity under varying conditions. 
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POPULATION DISTRIBUTION OF THE BEET LEAFHOP- 
PER IN RELATION TO EXPERIMENTAL FIELD-PLOT 
LAY-OUT ^ 


By Myles F. Bowen * 

Formerly junior enfotnoloi/ittt. Bureau of Entomoloffp and Plant Quarantine, Agri- 
cultural Rrsetneh Admin intrusion. United Staten Department of Agriculture 

INTUODUCTION 

In field exj)ei‘iineiit.s to determine the relative merits of different in- 
secticides or other treatments for controllinjy insect infestations, ex- 
perimental desipis sucli as the randomized block and the Latin ^uare 
jire frequently used. Such desi/ 2 ;ns reduce the error of the experiment 
by restricting each comparison of unlike treatments to a limited part 
of the experimental field, thus ^jiving treatment comparisons that are 
in a measure independent of location differences in the degree of in- 
festation. 

These designs are also well adapted to analysis of variance {10),^ 
Hy this method of analysis the error reduction achieved l)y the design 
of the experiment may be evaluated and removed from the estimate 
of experimental error, thus iiuTeasing the precision with which the 
effects of treatment may be measured. Restricted designs are there- 
fore justified on the general assumption that their use, iogethe. with 
the proper inetFiod of analysis, will significantly reduce the eiTor vari- 
ance, and thereby increase the efficiency of the experiment. 

The nature of the distribution of the beet leafhopper (Eutettix 
tenellm (Baker)) in a ])articular field of su^ar beets was studied on 
different dates, and witli the data obtained from sampling beet-field 
f)opulations, the relation between experimental design and the dis- 
tribution of insect populations was determined. 

MATEUIALS AND METHODS 

In May 19J17 a field approximately acres in area near Grand 
Junction’ Colo., planted with U. S. No. M sugar beets {Beta vulgaris 
L.) resistant to curly top was selected for the experiment. The field 
was divided into 36 equal-sized plots to form a 6X6 Latin square 
(fig. 1). 

Each plot was 91 feet long and 60 feet (36 rows) wide, the rows 
being spaced 20 inches apart. The area of a plot was thus about % 


^ Received for publication April 28, 1047. 

® 'riie author is indebted to W. C. Cook for suggestions and encouragement in 
the preparation of this manuscript, and to Myron E3. Hall, who assisted in obtain* 
ing the field samples 

" Italic numbers in parentheses refer to Literature Cited, p. 277. 
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FiotJKK 1. — Diagram of oxporimeritnl fiolcl giving Hit* total nnrnbor of adult boot 
leafhoppers found on 10 beets in each plot on May 20 (upper figure) ; June 4 
(middle figure) ; and August 2(»-27 (lower figure). 

acre. At tlie time of thinninff, the beets were spaced 10 inches apart 
along the rows. 

Quantitative samples of the beet leafhopper population were ob- 
(ained with a square-foot sampling cage essentially the same as that 
described bv Hills {H)- The first series of samples was taken in the 
field on May 20, 1987, shortly after the second influx of migrant beet 
leafhoppers into the Grand Valley fields, and about, the time that the 
infestation was at its peak. The field was sampled again on June 4, 
when the migrant populations were on the decline, and again on 
August 26-27, after there had been brood development within the 
field. Ten square-foot cage samples were taken at random ^ in each 

f )lot on each date, or a total of 860 samples for the field. The adult 
eaf hoppers were counted and rec^orded. 

* Samples were chosen by moving about the plot with the head and eyes down 
stoil^lng at Irregular intervals, and at each stop selecting the leafhoppers fronr- 
tlie sixth beet along the row from the beet nearest the toe of the right fov 
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The data obtained at each sampling were fitted to various theoretical 
distributions and tested by 

A study of the plot variation and the effect of local control in re- 
ducing experipn3ntal error was made by the method of analysis of 
variance. All of these analyses are on a single-sample basis. 

NATIIKK OF Tim DISTKIIUITION OF BKET LEAFHOrPEU l»OPTJLATTONS 
KAKLY SKASON MIGRANT POPULATION 

The nature of the sampling data suggests a discontinuous distribu- 
tion such as is desci*ibed by a Poisson series, a negative binominal (ii, 
iU or Neyman’s (lo) contagious distribution, which has been 
tested for ayilicability to the field distribution of larval insects by 
Beall {3). Comparisons of the observed and the theoretical Poisson 
freiiuencv distributions for the first two sampling dates are given in 
table 1. The x“ value in each case denotes a favorable agreement be- 

Tahkk 1 . — fhatrihutiou o/ MiO field samples classified areonlinp In I he atnnher of 
beef leafhoppcrs on a heel, 
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tween the observed and the calculated values, and leads to the con- 
clusion that at the time of the spring movement into the beet fields the 
distribution of the leafhopper is essentially in accordance with the 
Poisson law. This conclusion is supixirted by data given by Bowen ^ 
and by the analyses of an abundance of sampling data (unpublished) 
obtained in different yeais by different observers in the sugar beet 
areas in Idaho, western (>olorado, Utah, and ('alifornia. 

The data in table 1 also agree closely with the negative binomial 
and the contagious distributions. Theoretical values for these dis- 
tributions, however, are not included in table 1 for the reason that 
any sample distribution that fits the Poisson must also fit the negative 
binomial and the contagious. In practice the fit to the latter two 
usually will be closer than to the Poisson, because for these distribu- 

® Bowen, M. F. a method of estimatino beict leafhopper populations from 
THE PROPORTION OP UNINFESTED piji^NTs. U. S. Bureau Ent. and Plant Quar. Cir. 
BT-225, 6 pp., Ulus. 1945. [Processed.] 
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tions the observed data are forced to agree with theory in the total, 
the mean, and the variance, whereas for the Poisson, agreement is 
forced in only the total and the mean. 

The variation among the plot totals (fig. 1) may be examined for 
general conformity to that of a Poisson distribution by the formula 
given by Fisher {10) and Rider {17). 

2 

X = 

so calculated for the JIG i>lots on May 20 is 59.164, which for 35 
degrees of freedom, corresponds to a probability near the 1-percent 
point.’^ This test therefore indicates a real tendency toward excessive 
variability in the data. A large contribution to x^ is supplied by the 
one plot in which a total of 18 leaf hoppers was recorded. If this plot 
is omitted from the calculations, the varian(‘e is not excessive. x“ 
then equals 46.785, whicli for 34 degrees of freedom corresponds to a 
probability of 0.14, approximately. The analysis of variance of the 
l^-acre plots (table 4) , which denotes a difference between plots barely 
exceeding the 5-percent level of significance, also suggests a greater 
variability among the plot means than would be expected if the dis- 
tribution of the leafhopper were purely random. Bliss (^), in an 
analysis of data obtained by Fleming and Baker {12) on the distribu- 
tion of Japanese beetle larvae, show^s a highly significant variation 
between plots over an apparently uniform section as small as 18X20 
feet (0.008 acre). This condition, observed by Bliss, is more con- 
clusive than appears for the migrant beet leafhopper ])opulation here 
considered, notwithstanding that the experimental area studied was 
very much larger (4.5 acres) in the case of the leafhopper. 

The preceding discussion indi(*ates that there is a tendency for 
the migrant population of May 20 to depart from a Poisson distribu- 
tion. This tendejicy is toward an excess of high and low counts simi- 
lar to that observed much more distinctly in the resident ])opulation 
of August 26-27, which will be discussed later. 

It is reasonable to expect that the true distribution of migrant 
populations of the beet leafhop})er will depart from a Poisson series, 
because of the many factors both ])hysical and biological that may 
operate to destroy a perfectly inde])endent distribution of the insect. 
Air currents or a preference oy the leafhopper for certain plots within 
the field might have caused an uneven distribution of the population 
on May 20. If this were so, it seems logical to assume that the plot 
differences would persist during the short period from May 20 to 
June 4, and that a positive correlation would exist between the plot 
counts made on these two dates. A cursory examination of the plot 
totals in figure 1 indicates that no such relationship exists. Actually 
the correlation coefficient is negative; for the 36 pairs of counts 
— 0.16, a nonsignificant value, indicating the absence of any relation- 
ship between the plot totals of the first two sampling dates. This ab- 
sence of a simjficant correlation suggests that the comparatively large 
number of leafhoj)pers taken in some of the plots on May 20 might 
have resulted from chance variations of sampling rather than from 
a real prefei*ence by the insect for certain parts of the field, or from 


®For degrees of freedom exceeding 80 the expression V2x*“'V2n — 1 is assumed 
to be a normal deviate with unit standard error. 
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the effects of physical factors, such as air currents, that may have 
deposited more leafhoppers in some locations than in others. 

The sample distribution of June 4 shows a closer agreement with 
the Poisson law than does that of May 20, but from the data available 
it cannot be determined whether this agreement is in fact better. The 
principal evidence derived from a study of both distributions indicates 
that the agreement with the Poisson law is essentially satisfactory. 

The natural mortality of migrant beet leafhoppers is high. For 
(his reason a decrease in migrant populations always occui^s after the 
spring movement into the fields has ceased, or when this movement 
is not sufficient to offset the natural mortality in the population already 
present. Thus, in the field here considered, the leaihopper population 
decreased from a mean of 0.803 per beet on May 20 to 0.322 per beet 
on June 4. The fact that, on botli dates the distribution was essen- 
tially in accordance with the Poisson law denotes that the factors 
affecting mortality of the beet leafhopper acted uniformly in the dif- 
ferent plots. 

LATER SEASON RESIDENT POPULATION 

An attempt to fit the data of August 20-27 to a Poisson series was 
not successful. This is illustrated by comjiaring the observed with 
the calculated Poisson law values given in table 2, and by the cor- 
responding graph in figure 2. In the same table and figure the later 
season data are also fitted to the negative binomial and the contagious 
distributions. 



Figure 2. — Observed and theoretical Poisson, contagious, and negative binomial 
frequency distributions of the number of beet leafhoppers per beet in the field 
samples of August 26-27, 1937. Data from table 2. 
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Taht^e 2 . — Distrihtitiofi of SdO field namplcH vlaHnified accordhif/ 1o the numhcr of 
beet leafhopperH on a beet, Aiujunt :2() 27, /.W 

[Fitted Poisson, contagious, and negative binomial distributions, and tost of goodness of fit] 



FreQueiiey 






1 




* ^ 


Infestation class 

Ob- 

served 

Calculated 





Poisson 

Con- 

tagious 

Bi- 

nomial 

Poisson 

(’’Oll- 

tagious 

Bi- 

nomial 

0 

2 

U 13 

] 2 68 

\ 1. 62 

/ 6. 25 

13.66 

} 64. 4432 

0.0019 

0. 5765 

1 

8 

1.06 

} 7 46 

2 

14 

4. 19 

1 14.26 

.0047 

0085 

3 

19 

11.02 

21 78 

22.24 

.*). 7786 

.3548 

.4720 

4 .... 

28 

21 75 

28. 72 

29.98 

1.7960 

0180 

1308 

5 

41 

34.33 

33 78 

35 41 

1 2959 

1. ,5432 

8825 

() 

30 

45. 15 

36.46 

37 86 

5. 0836 

1. 1446 

1.6318 

7 . .. 

8 

38 

39 
32 

50 90 
50. 21 

36 63 
34. 65 

37. 46 
34 82 

3.2694 
2, 5028 

. 0512 
.5461 

.0078 
. .5018 

« 

44 03 

31. 13 

30 75 

3.2869 

0243 

. 0.508 

10 

30 

34. 75 

26 72 

26 fM) 

6493 

4026 

61.54 

11 

18 

24.93 

22. 04 

21 20 

1 9264 

7405 

. 4830 

12 

15 

16. 39 

17. 53 

16 75 

1179 

. 3651 

. 1828 

13... 

14 

9.95 

13 50 

12 87 

1.6485 

0185 

0992 

14 

8 

5 61 

10.08 

9 65 

1 0182 

4292 

2821 

15... 

6 

2.95 

7 33 

7 08 


.2413 

. 1647 

16 

6 

1 46 

5 20 

5 10 


. 1231 

.1.588 

17 

4 

.68 

3 60 

3.61 



:8 

19 .. 

1 

3 

.30 

.12 

2 44 
1.62 

2. 52 
1.73 




20 

21 

1 

2 

05 

.02 

1 06 
68 

1.17 
' .79 

f 60 4571 

3784 

. (M34 

22 

1 

.01 

43 

.52 




23 

0 



34 




24+ 

0 

.01 

.22 

. 62 




Total 

3m) 

360 00 

360 00 

.360 00 

1.53 27:i8 

6 3875 

6 2919 

Degrees of freedom 

12 

14 

14 

Px2 - 





<:.ooi 

. 954 

. 957 








The data show a liighly significant departure from the. Poisson 
distribution, while the agreement with the negative binomial and 
the contagious distribution is satisfactory. In fact the x" criterion 
in the case of these two distributions indicates an even closer agree- 
ment betw(»en the observed and the calculated values than usually 
appears for random samples from a homogeneous i)opulation. 
values as small as those obtained for the negative binomial and the 
contagious would appear usually only alK)ut once in 23 trials and 
once in 22 trials respectively. However, such small values might 
credibly result from chance, and the fit to these distributions is there- 
fore regarded as being not unreasonably close. 

It is worthy of note that for this particular sample the values 
calculated for the negative binomial and the contagious distributions 
are remarkably similar. Some of Beall’s (S) data likewise have been 
found to show satisfactory agreements with both the contagious and 
the negative binomial. 

The contagious and the negative binomial distributions may be re- 
garded as generalizations of the Poisson law for cases in which the vari- 
ability is excessive as compared to the expectations of a Poisson series. 
Both of these distributions are characterized by an excess of high 
and low counts, and both approach the Poisson as the mean and the 
variance approach equality. The contagious distribution, however, is 
more flexible than the negative binomial and may sometimes be bi- 
modal, whereas the negative binomial is never bimodal. The negative 
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binomial is much easier to calculate than the contagious especially 
when the numbei’ of infestation classes is large. 

In fitting the observed distributions to a negative binomial {q~~p) ’S 
the values of y, />, and n were derived by (valciuation from the empiricaJ 
data. following the method given by Fry i. e., />— l — F/a?, 

and n—iv/p-^ where V is the variance of the distribution 
and X is the mean infestation per plant. Obviously, the binomial will 
be negative or positive respectively as the variance is greater or less than 
the mean. In some samples of migrant beet leafhoi)per populations, 
positive binomials (F<a?) liave ajipeared, but in such samples p did 
not differ significantly from zero {'ii'Ji) and the data, therefore, were 
considered to be in essential agreement with the Poisson law. 

In practice, departures from the Poisson will usually be such as 
to make V greater than although under certain conditions, such as 
very dense insect populations where there is ovei crowding and compe- 
tition for the available space, a distriliution more uniform than the 
Poisson might result. “Student” (i^/) has studied the effect of de- 
partures from the conditions that lead to Poisson’s law, and has indi- 
cated the conditions in which data may be expected to conform more 
closely to a negative binomial than to a Poisson series. 

The contagious distribution ^ was fitted by using the recurrent 
formula given by Xeyinan ( lo) and Beall ( J), 

n 

t ==0 

where the initial value, 

The parameters mi and m 2 of the above formulae are estimated from 
the mean and the variance as x^/{V-x) and ( V-^x)/x^ respectively. 

Later season populations of the beet leafhopper do not agree with 
Poisson expectations, probably because field conditions at this time 
do not favor an indei:)endent random distribution. Individual plants 
or certain locations within the field may be more attractive to, or favor 
a more rapid develo])ment of, the insect than others, which condition 
would upset an independent random distribution and cause the excesses 
in the small and the lai ge frequency classes (see table 2 and fig. 2) that 
usually have been observed in distributions that departed from a 
Poisson series. Part of the contagiousness observed in the resident 
beet leafhopper population may be attributed to a random dispersion 
of adults which developed from groups of eggs deposited by the spring 
migrants. It is doubtful, however, whether this is the primary cause 
of contagiousness in the field distribution of an insect as active as the 
beet leafhopper. 

The variation in the leafhopper population on August 26-27 cannot 
be explained by differences in the initial infestation, which, as the 
analyses of the migrant populations have shown, was essentially uni- 
form. Correlation analyses support this view. The correlation 
coeflScient between the plot totals or May 20 and those of August 26-27 

Contagious distribution of type A depending on two parameters. See Neyrnan 
ir». pi>. 4rh-4S). 
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was +0.0258, and between the plot totals of dune 4 and those of August 
26-27 it was +0.0260. Both correlation coefficients are nonsignificant, 
an indication of the absence of relationshio between the initial infesta- 
tions and the populations that subsequently developed in the different 
plots within the field. 

Data obtained from a field of sugar beets at the Asarco farm, Magna, 
Utah, in the summer of 1932 illustrate this point. Samples taken in 
this field on June 20 and 28 showed satisfactory agreement with the 
Poisson law, and denoted that early in the season tlie distribution of 
the leafhopper was quite uniform. Later, however, distinct popula- 
tions developed in sections of the field characterized by beets of differ- 
ent growth types. This was shown by sampling data taken at weekly 
intervals from August 6 to 25, inclusive. These data, summarized in 
table 3, consistently show a significant inverse relationship between the 

Table 3. — Beet leafhopper populations on beets of different growth type in field 
at the Asarco farm, Magna^ Utah, 1932 


Date 

Loafhopi3cr fiopulation i)er beet * 

Difference between means 

Large beets 
(Ml) 

Medium 
laige beets 
(M2) 

Small wilted 
beets (Mi) 

Mr Ml 

My-Mi 

A/r-Mi 

Aug, fi 

1.44d=0. 21 

3 60±() 44 

8.48d=0 88 

7. «4d:0.90 

4 88=t0.98 

2 10=b0.4« 

11 

I.92db 20 

4 20=fc .44 

15.44=fcl.53 

1.3 52±1 55 

11 24d:1.59 

2 28± . 51 

IH 

2.52± .33 

0 52d= . 70 

2 : 1 . 32±2. 13 

20.80=fc2 1(5 

Hi. 80±2. 24 

4 Wht .77 

25 

3.28± .33 

(*) 

31.32d:2.75 

28 04±2. 77 










* Each mean based on counts from 25 beets. 

* Rain prevented sampling. 


density of the leafhopper jiopulation and the size of the beets. It is 
not definitely known just Avhat environmental factors operated to pro- 
duce the disparate populations on |;he different-sized beets, but it seems 
logical to believe that the higher temperatures associated with the 
small wilted beets favored the production of large leafhopper popula- 
tions. 

In this connection it might be noted that soil heterogeneity may 
greatly influence the distribution of insect populations indirectly 
through its action on the plants upon which the insect lives. 

VARIATION BETWEEN PLOTS AND WITHIN PLOTS 
EARLY SEASON MIGRANT POPULATION 

The population data for the 36 plots may be combined to form 
plots of various sizes and shapes. Twelve size-shape combinations 
were studied ; these are illustrated in figure 3. The variances within 
and between plots for the data collected on May 20 were computed 
for each arrangement and are given in table 4. 

These analyses were made to determine the effect of plot size on the 
within-plot variation, which is a measure of the sampling error, and to 
test whether population heterogeneity was a significant factor affect- 
ing leafhopper numbers in the different plots. There is a tendency 
for the witnin-plot variance to increase as the subplots become larger, 
but the effect is small^ and the chief evidence is that altering the size 
QT shape of the plot did not materially influence the sampling error. 
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Table 4. — Analysis of variance of different-sized subplots for field samples of 

May 20, 19S7 


Shai)e and size of plots 


length Xwidth 


Feet 

91X60 

182X60... 

91X120 ... 

273X60 

91X180 

(») - - ... - 

182X120 . 

273X120 

1S2XI80 ... 

273X180.... 

646X180. 

273X36)0 




Variance i 



Area 

Between 

plots 

Within 

plots 

F 


Acres 

H 

1.367 (36) 

0.924 (324) 

1.47 

_ 

Va 

1.191 (17) 

.965 (342) 

1.25 


Va 

1.207 (17) 

.962 (342) 

1.33 

. . 

98 

1 027 (11) 

.966 (348) 

1.06 




1.648 (11) 

.948 (348) 

1.6:1 




1.446 (11) 

961 (.348) 

1.62 

. . . 


I 015 (8) 

966 (.361) 

1.06 


H 

.26.3 (.6) 

.976 (3.54) 

:i. 71 



H 

1.203 (6) 

.963 (364) 

1 26 


1?8 

1. 218 (3) 

.964 (366) 

1.26 


254 

.026 (1) 

969 (368) 

38,76 


2J4 

. 225 (1) 

.969 (.3.58) 

4.31 


* Nuriihers in narenthesrs denote degm‘s of freedom. 
182X10+91 X60. 



J’lGUKE 3. — Some of the various sizes and shapes of plots obtained by different 
combinations of the original 3(i plots. 


The significance of the difference between plots was determined by 
the F test {19) , The between-plot variance is barely significant for 
the %-acre plots, but in no other instance does the observed value of 
F exceed that required at the 5-percent level of significance. The vari- 
ation between plots was not significantly greater than that within plots, 
an indication that for the migrant population of May 20 population 
heterogeneity was not a significant factor affecting the infestation in 
the different plots. This shows a remarkable degree of uniformity in 
the leafhopper infestation at this particular time, and corroborates the 
findings of table 1 which indicate a Poisson distribution. 

766974—47 2 
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The data of June 4 show essentially the same condition as those 
of May 20, and therefore are not considered in detail. 

LATER SEASON RESIDENT POPULATION 

The population of August 2(>-27, which resulted largely from the 
reproduelive activity of leafhoppers that migrated into the field prior 
to June 1, contrasts with the ))opulation of May 20. The analyses of 
variance between plots and within plots for the different arrangements 
on August 20-27 appear in table 5. The observed value of F for each 

Table 5 . — Analysis of varUincr of different-sized subplots for field samples of 

Auuust 26-27, 1V37 


Sha()e and size of plots 


Length Xwidtli (feet) 


01X60 

182X60.. 

91X120 

273X60 

91X180 

(») ----- 

182X120 

273X120 

182X180 

273X180 

M6X180 

273X360 


> Numbers in parentheses denote degrees of freedom. 
2 Irregular, 182X60+91X60. 



Variance > 


Area 

Between 

plots 

Within plots 

F 

Acres 

55 17(35) 

11.96 (324) ^ 

i 61 

k 

KM) 32(17) 

11.99 (342) 

8 37 

H 

75 86(17) 

13 20 (342) 

5. 75 


113 82(11) 

13 08 (348) 

8. 70 


72 27(11) 

14 40 (348) 

5 02 


108 93(11) 

13.24 (348) 

8 2:1 


148 12 (8) 

13 32 (351) 

11 12 

?4 

180 69 (5) 

13.84 (354) 

13 06 

H 

129 32 (5) 

14 57 (354) 

8 88 

I'k 

179.94 (3) 

14 79 (356) 

12.17 

2H 

97 14 (1) 

15 94 (358) 

6. 09 

2U 

442 22 (1) 

14 98 (358) 

29 52 


comparison except one (.HO X 180) exceeds the value required at the 1- 
percent level of significance, which indicates a highly significant differ- 
ence between plots, or a marked degree of heterogeneity in the field 
infestation at this time. There was an appreciable reduction in the 
sampling error wdth decreased plot size. Apparently the distribution 
of the leafliopper at this time was such that for plots of the same size 
the sampling error is smaller in the long narrow plots than in the short 
wide ones. 

EFP^ICIENCY OF LOCAL CONTROL IN REDUCING EXPERIMENTAL 

ERROR 

In field-plot experiments involving different treatments the estimate 
of the error in the experiment is derived from the variation between 
plots. To illustrate, the total sum of squares between plots in a Latin- 
square arrangement may be apportioned to the known and controlled 
causes of variation, i. e., lows, columns, and treatments, the residual 
sum of squares being due to unknown causes, or experimental error. 
The variance due to any cause is then determined by dividing the 
sum of squares by the corresponding number of degrees of freedom. 

Table 6 gives a summary of the between -plot analyses of variance 
of the different-sized plots for the sampling data of the migrant leaf- 
hopper population of May 20. Table 7 gives a similar summary for the 
sampling data of the later season population of August 26-27. 



Table 6. Summary of hetween-plot analyses of vat lancefor plots of different sizes and shapes and the efficiency of local controlin reducing experi- 
mental error for data of May 20, 1937 
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1 Numbers in parentheses denote degrees of freedom. 
* Hypothetical. 

3 Irregular, 182X»-|-91 X60. 



Dec. 1 , 15. 1947 Population Distribution of the Beet Leafhopper 271 


Inasmuch as the effect of local control is the primary concern of 
this study, the variances due to rows and columns are of chief impor- 
tance. No treatments were applied, and the experiment m^ be re- 
garded as a uniformity trial. Therefore, the treatment eflfects are 
purely hpothetical and are presented in these tables only to show the 
adequacy of the experimental design. It will be noted that seldom 
is there indicated a significant treatment response. Occasional signifi- 
cant deviations can be expected in a large series of samples even when 
drawn from homogeneous material. Where only a few large plots 
are concerned, the treatment effects might be confounded with loca- 
tion differences arising from an unfortunate chance assignment of the 
treatments to the various plots. Such must be the explanation of tlie 
statistically significant treatment effect indicated in line In of table 
(), and again in the last line of table 7, where there appears to be a 
significant negative intniclass correlation. Since the treatments were 
hypothetical the ajipropriate estimate of experimental error, by which 
to judge the effects of local control, is obtained by adding the sums of 
scpiares for treatment and error ainl dividing by the combined degrees 
of freedom. This figure is given in the column headed “Treatment 4- 
error.” 

The effect of local control is measured by the percentage change in the 
error variance due to the removal of the contributions of rows and/or 
columns (blocks) from the total variance. 

EARLY SEASON MIGRANT POPULATION 

Early in the season a field of sugar beets offers an apparently uni- 
form environment. The beets are small and the efle(‘t of soil hetero- 
geneity has not yet greatly differentiated them. Previous analyses, 
given in tables 1 and 4, denoted that on May 20 the leafhopper infesta- 
tion over the experimental field was essentially uniform, and, there- 
fore, the usefulness of local control when applied to it was highly 
questionable. 

Table 6 shows that restricted designs resulted in an increase in the 
estimate of experimental error in 12 of the 18 arrangements. In those 
arrangements where a decrease is indicated, the utility of local control 
is doubtful, because the variation between blocks usually is not signifi- 
cant and may have resulted from (bailee. The negative value of re- 
striction, when apjilied to the migrant beet leafhopper population of 
May 20, is further emphasized by the fact that the nonsignificant 
change in the error variance is accompanied by a reduction in the 
degree of freedom available for the estimate or experimental error. 
In this connection it should be noted that there was a (>6.89 percent 
increase in the error variance due to the removal of the columns com- 
ponent in the 2X6 randomized blocks design (table 6) . The variance 
of 1.027 is increased by this arrangement to 1.714, and in the process 
5 degrees of freedom corresponding to blocks were sacrificed. Clearly 
the design was very unsuitable. 

Although the between-plot analyses for the various arrangements 
indicate little or no significant effect due to local differences in 9ie leaf- 
hopper infestation, it is interesting to compare the row and column 
variances for plots of the same size and shape. In every arrangement 
the variation between columns is smaller than tliat between rows, a 
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fact suggesting a more uniform distribution of the leafhopper in one 
direction of the field than in the other. Such a distribution would be 
likely to develop from an influx of a weak flying species moving from 
a source along one side of a field, the resulting infestation being heavi- 
est on the side adjacent to the source and gradually diminishing to- 
ward the far side. 

The beet leafhopper is not a weak flier. Agricultural areas may be 
infested by dispersals of this insect from breeding sources sometimes 
hundreds of miles distant (7, IS), It also attains considerable alti- 
tude during its flights. ATinand and associates (i) have shown that 
during disi)ersals in southern Idaho large numbers may be found as 
high as 25 feet at least, and it is not unlikely that much greater alti- 
tudes are common. Both of these flight characteristics of the beet 
]eafhop[)er tend to favor a uniform infestation at the time of disj)er- 
sal. ()ver large fields, or very long fields, location difterences in the 
degree of infestation may be considerable. Certainly difl'erent fields in 
the same general area will exhibit highly significant differences in 
population density. Among other factors, wind cin*rents undoubtedly 
play an important role in this local distribution, but for areas as small 
as most sugar-beet fields the effc(‘t is apparently small. 

From a comparison of the effect of the removal of the row and col- 
umn variances in the different arrangements it is evident that when a 
decrease in the error variance occurs it originates from the elimination 
of the contribution of rows; when an increase occurs it is smaller 
for the rows than it is for the columns. From this it appears that 
if a restricted random arrangement were to be used at all in this field 
at this particular time, the best results would be obtained from ran- 
domized blocks laid out across the field in the row direction, not in the 
column direction. 

However, the princij)al evidence from the analyses of the data of 
May 20 is that restricted-random arrangements are of little value in 
field tests made on migrant beet leafhopper i)()pulations. This state- 
ment probably will ai)ply gejierally because of the uniformity of the 
distribution of the leafhopper during the time of the spring flights 
into the beet fields. 

Observations in many fields other than the one considered in this 
paper have indicated that migi*ant beet leafhoppers are distributed 
in a Poisson series. This distribution implies an equal probability 
of infestation in each of the plots. If the infestations in the jdots 
are alike, it follows that the infestations in different combinations 
of them will also be alike, and restricted arrangements such as the 
Latin square or randomized blocks cannot, under such conditions of 
uniformity, accomplish the purpose for which they are intended. 

Migrant leafhopper densities, ranging from a mean of 0.01 to 5 
per beet, have been found in essential agreement with the Poisson 
distribution. At higher densities this distribution law begins to 
break down owing to an excess of high and low counts, probably 
because some plants are more attractive to the insect than others. A 
differential attractiveness among the plants, however, will not neces- 
sarily destroy the similarity of the plot infestations, provided the 
more attractive plants are randomly distributed over the field. This 
seems to apply to migrant leafhoper populations, so that even at high 
population densities the practical utility of local control is doubtful. 
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Further studies, however, are necessary to confirm or refute this 
belief. 

Where migrant pojiulatioiis of the beet leafhopper are concerned it 
appears that the most satisfactory results will be obtained by a com- 
plete randomization of the treatment replications. 

LATER SEASON RESIDENT POPULATION 1 

The later season resident population was composed largely of 
progeny of the sjiring migrants that moved into the field before 
June 1. By late August the lieets in a field usually manifest obvious 
differences in growth, and the leafhopper environment is much less 
uniform than it is earlv in the season. The environmental differences 
that develop within the field apparently are reflected in a marked 
hetei’ogeneity in the leafhopjier population. 

Population diffemices associated with types of beet growth have 
(‘omnionly been observed by workei*s on the beet leafhopper project. 
Such diflerences are clearly illustrated by the data obtained at Magna, 
Utah, in 19r‘52 (table 3). When such obvious differences apjDear in 
an experimental field, the investigator might readily take advantage 
of the assiK'iated differences in the leafhop])er infestation by orient- 
ing the experiment to conform t-o the various tyi)e.s of plant growth. 

Visual orientation of the i)lots. however, is not always practicable, 
since marked differences in the leafhoi)per ])opulation may and do 
impear in the absence of any clearly defined types of plant growth, 
nuch was the cas(‘- on August 26-27 in the field here considered. 
Although definite heterogeneity existed in the leafhopper infesta- 
tion at this time (tables 5 and 7) it would have been impossible, by 
visual inspection of the field, to asso(!iate this heterogeneity with 
variations in the type of lieet growth. I'^sually it is only by methods 
of sampling that infestation diffemices can be i-ecognized with rea- 
sonable accuracy. 

From table 7 it is evident that local control effected a substantial 
reduction in the estimate of experimental error, when applied to the 
lesident leafhopper population of August 26-27. In practically all 
arrangements a decrease in the error variance lesulted from remov- 
ing the variation between rows oi* columns. In the 6X6 Latin 
square, for example, eliminating the infestation differences between 
rows and columns reduced the error variance by 58.8 jiercent; thus, 
this arrangement would have more than doubled the sensitivity oi 
an experiment as a means of detecting treatment differences. 

It IS interesting to compare the percentage reduction in the error 
variances effected by removing rows or columns, when plots of the 
same shape and size are considered. Removal of the row contribu- 
tion procluced the larger decrease for every arrangement except the 
G X 6 Latin square. In a general way this parallels conditions 
observed in the data of May 20 except that then the effect of rows, 
although usually not significant, was larger than that of columns in 
every arrangement, the 6X6 Latin square included. 

Although for the data of August 26-27 the rows component was 
somewhat smaller than that of columns in the 6X6 Latin sqiiare, in 
every other arrangement the rows effect was more pronounced. This 
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is explained by the presence of a definite population gradient across 
the field in the direction affected by the rows, so that combining the 
plots in this dii’ection never deci’eased the differences between rows. 
There was no definite gradient in the direction affected by the columns, 
and in combining the plots in this direction the effect sometimes has 
been to decrease the relative differences. Thus, for the plot 180 feet 
wide, the error variance was actually increased by eliminating the 
variation between coliunns in two instances ( 182 X 180 and 273X180), 
and only an inappreciable reduction occurred in the other (91X180). 

DISCUSSION 

This study has demonstrated the relationshi]) of insect -population 
(listribiition to experimental design. In experiments involving 
migrant beet leafhop])er populations, restricted-i’andom arrange- 
ments designed to j-educe the ex|)erimental eiTor are of little or no 
value. This results from the uniform distribution of the leafhopper 
over the experimental area at the time of the spring dispersal into the 
beet fields. Later season populations exhibit considerable heteroge- 
neity, and the value of local control to incmise the accuracy of the 
results is unmistakable. 

As a general rule, in field exiieriments with any insect species the 
advantage gained from restricted random arrangements will vary 
directly with the degree of heterogeneity exhibited by the population 
sampled. The object of restriction is to include in the location dif- 
ferences as much of the total variation as possible. Obviously this 
may be accomplished most readily when the popidation heterogeneity 
is expressed as a gradient in one or two directions across the experi- 
mental field, or lies in definite zones, rather than in patches scattered 
over the field. 

Preliminary samples are usually taken in entomological field tests. 
Analyses of the preliminary data should indicate the plot arrange- 
ment that w'ill most effectively iUci'ease the precision of the exjieri- 
ment. 

Theoretically, the method of analysis of variance is based on the 
assumption of a normal distribution. Often this assumption does not 
hold for field sampling data. Since the distribution of migrant beet 
leafhoppers is described by the Poisson law, the application of 
analysis of variance to it is open to question. A similar objection 
might be made to applying analysis of variance to the later season 
resident population of August 26-27, which deviates significantly 
from the normal but conforms favorably with the negative binomial 
and the contagious distributions. For all practical purposes, how- 
ever, the variance method applied to tests of significance will probably 
give reliable results despite a considerable degree of skewness in the 
data. Experimental studies on nonnormal data by Pearson {16) and 
by Eden and Yates (.9) support this view. More specifically. Chap- 
man (5) has demonstrated a satisfactory agreement between the ob- 
served and the theoretical distribution of Z for samples drawn from a 
Poisson distribution having a mean of 1.0. This approximates the 
mean (0.803) of the sample distribution of May 20 considered in 
this report. 
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In addition to the assumption of a normal distribution^ the validity 
of the generalized standard error derived from a combined analysis 
of variance is based on the assumption that although the different ele- 
ments of the population may have Afferent means their variance mu^ 
be the same. Clearly this assumption may be violated for data of ^e 
Poisson type. The variance in a Poisson distribution is not inde- 
pendent, but is Mual to the mean. Thus if population heterogeneity 
18 involved, or if different treatments exert a significant eff^, the 
corresponding means, and therefore the variances, will be different, 
and a combined analysis of the data will be unwarranted. 
Considerable caution should be exercised in the analysis and inter- 

5 rotation of such data; otherwise, misleading conclusions may be 
rawn. Bartlett (IS) and Cochran (d) have dealt at len^ with this 
aspect of the problem, and for data of the Poisson type they suggest a 
scpiare-root transformation to equalize the variances before proceeding 
with the analysis. For plot counts between 10 and 100 they suggest 
the simple square-root (-^J transformation, and for plot t otals the 
majority of which are under 10 the transformation V®+% is recom- 
mended. 

In the present study, which deals with uniformity data, differen- 
tial variability was neglimble in the populations of May 20 and June 
4. A transformation of the data was therefore considered unnecessary. 
If different treatments had been employed in the experimental field on 
these dates, then differential variability prob ably would have been 
introduced by the treatments, and the transformation would 

have been appropriate since the plot totals (fig. 1) were below 10 in 
most cases. 

Analyses of variance have been made on the original data and on the 
transformed data with essentially the same results. Take, for example, 
the data for the 6X6 Latin sq^uare on May 20. When the original 
figures are used the F values lor rows, colu mns, and treatments re- 
spectively are 1.26, 7.32, and 1.27 ; when the V® transformation 
is us^ the corresponding F values are 1.17, 7.93, and 1.51. Similarly, 
for the data of the 6X6 Latin square on June 4, when the original 
data are used the F values for rows, columns, and treatments respec- 
tively are 4.49, 1.7^ and 1.42; and when the transformation is used 
the corresponding F values are 4.48, 1.W, and 1.42. Practically the 
same conclusion regarding levels of sipiificance would be drawn 
from the analyses of the original data as from the analyses oi the 
transformed data. 

The data obtained on August 26-27, besides being non-nomal, 
showed definite heterogeneity and, like those of the first two samplimra, 
are of a type such that the variance and the mean are related. The 
differences m variability, however, are not so ^eat as to affect appre- 
ciably the inferences drawn from the results of analyses performed on 
the original scale. The analysis of the data for the 6X6 laitiix 
square, when repeated with the simple square-root ( transforma- 
tion, gives F values of 6.94, 7.15, and 1.36 for rows, columns, and treat- 
ments respectively. These compare with correqionding F valuM of 
6J59, 6.41, and 1.31 when the orimnal figures are used. Both analy^ 
give essentially the same resuK concerning the signMcance of the 
difference between rows, columns, and treatments. 
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The data considered in this paper further illustrate the practical 
applicability of the method of analysis of variance to skew (non- 
normal) ^stributions (5, 9, 16), although, by this, it is not intended 
to imply that a suitable transrormation may not often be useful, or 
even quite necessary, to evaluate correctly the results of an experi- 
ment analysed by the variance method. 

In this paper field-plot lay-out has been viewed solely from the 
standpoint of insect-population distribution. Obviously other con- 
siderations may be of importance. For example, if it is intended 
that different insecticides shall be studied, not only as they directly 
affect the insect but also according to the indirect effect of different 
degrees of kill on the resulting crdp yield, then soil heterogeneity 
also must be considered. Under this condition restricted-random ar- 
rangements would seem advisable, despite uniformity of the insect 
infestation. 

Insect activity and movement may render impracticable the use of 
designs that otherwise would be very helpful. 11118 difficulty is illus- 
trated by the work of Douglass, Wakeland, and Gillette (5) on field 
experiments for the control of the beet leafhopper in southern Idaho. 
They showed that a satisfactory kill could be obtained with a pyreth- 
rum oil spray. However, neitlier the incidence of curly top disease, 
which is transmitted by the leafhopper, nor the yield of beets per 
acre in the sprayed plots was significantly different from that in the 
unsprayed check plots. The beet leafhopper is very active and inter- 
plot movements and dispersals into the field after the insecticides 
were applied completely obscured the effects of the treatment when 
these were measured by reductions in curly top disease or by increases 
in the yield of beets. Steiner (SO) encountered a similar difficulty 
when he used small plots for field experiments with insecticides for 
the control of the codling moth. He found that because of intertree 
and interplot movements of the adult moths, treatment effects might 
be largely obscured if based only on records from drop and harvest 
fruit. 

SUMMARY 

Tlie relation of insect-population distribution to experimental 
design has been studied by analyses of uniformity data obtained from 
s^glin^ field populations of the beet leafhopper. (Eutettix teneUus 

The di^ribution of the beet leafhopper at the time of the spring 
dispersal into the sugar-beet fields is in essential agreement with the 
Poisson law._ Later season resident populations apparently conform 
to the negative binomial and the contagious distributions. 

T^e variation between plots was not si^ificantly greater than the 
variation within plots for the migrant leaxhopper populations, which 
ii^icates that population heterogeneity was not a significant factor 
affecting the infestation in the different plots. The later season resi- 
dent population showed highly significant differences between the 
plot inf^tations. 

Bestricted random designs gave little or no reduction in error 
variance when applied to the migrant beet leafhopper populations, 
because of the uniformity of the distribution of the insect over the 
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experimental field. These designs, however, effected a significant 
reduction in the estimate ot the error variance when they were applied 
to the later season resident population. 

Precautions to be observed in the application of analysis of vari- 
ance to data of toe Poisson type are indicated. 

This paper views field-plot lay-out solely from the standpoint of 
the distribution of insect populations, but attention is called to the 
fact that other considerations may be of importance. 
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EFFECTS OF CERTAIN SOIL FUNGI AND THEIR BY- 
PRODUCTS ON OPHIOBOLUS GRAMINIS* 


By G. M. SiAO^ formerly eoUaborator, and Hoblxt Fbli.ows, aatoeiate pathologkt, 
Dwition of Cereal Crope and Dieeases, Bureau of Plant Induetry, SoUe, ana 
AgrieuUural Engineering, AgriouUural Reeeareh Adminietration, United Slatee 
Department of AgriouUure 


INTRODUCTION 


In studies on the take-all foot rot of wheat {TrUicum, aestimm 
L. (T. vtdsfare Vill.))» caused by Ophiobolua gramirm Sacc., certain 
features of its development and disappearance in cultivated fields and 
of its control by_ adding organic matter and other amendments to the 
soil have been difi&cult to explain. Some workers have suggested that 
the development of the disease may be affected markec^ by other 
mioEO-organisms in the soil. 

Sanford and Broadfoot {S)* and Broadfoot (I) studied the effec^^. 
of other organisms on the development of Opkimolua graminia in pur#" 
culture ana in the soil. Russell (7) conclude that the beneficud effect 
of crop rotation and fallowing on reduction of take-all was due to 
other soil organisms crowding out 0. graminia in the absence of its host. 
Brommelhues (2) reported that several fungi, when ^wn in artificial 
media, produced thermostable byproducts that inhibited the growth 
of 0. ^minia on solid and liquid media. She stated that a preliminary 
exposure of wheat to certain organisms allowed 0. graminia to cause 
more damage than the simultaneous use of those fungi and 0. maminia. 
The reason dven is that the byproducts of the fungi tested slightly 
injured the p^ts and permitted easy infection 1^ 0. graminia, whereas 
their byproducts when they were used with 0. graminia tended to 
lessen the damage from it. This is cited to explain why take-all is 
more severe on light than on heavy soil, as the former has less absorp- 
tive capacity. Garrett (5) stated that the biologic control of the 
parasite by other micro-organisms best explained some of the phenom- 
ena he encountered; Lai (6) i^owed that several soil funm and 
bacteria are injurious to 0. graminia, some by direct atta^ and 
others by the deleterious effects of their byproducts; and Winter {IS) 
reported the presence in soil extracts of substances inhibitory to the 
development of 0. graminia. 

Clark {S) and Stumbo, Gainey, and Clark {9) studied the effect 
of organic and inorganic sod amendments on the control of take-all. 
Thev decided that the control obtained by the amendmmts they 
used was due to adequate fertilization of the soil. Their studies 
of soil flora were only quantitative^ however, for no account was 
taken of the species present or of their byproducts under the dffcum- 
stances imposed. 

> Received for publication ^rii 30, 1947. Cooperative investigation by the 
Division of Cereal Crops and Diseases and the Kansas Agricultural Expnrunent 
Station. Contribution No. 393, serial No. 386, Department of Botany, KauMts 
Agricultural Experiment Station. 
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This paper reports attempts to find some of the interrelatiotis 
between the take-all funras (Ophiobolus graminis) and certain other 
soil-inhabiting fungi and to ascertain whether variations in the 
severity of the disease attack by 0. graminis can be explained on the 
basis of interference by certain other soil fun^. The paper lis not 
intended as a compendium of the interrelations between a large 
number of soil fungi and 0. graminis. 

MATERIALS AND METHODS 

The funm studied were isolated from various types of soU used for 
growing wheat in central Kansas, some being free from Ophiobolus 
gramifm and others infested with it. Fungi dso were isolated from 
such infested soils after they had been treated experimentally in 
various ways in the field and in the greenhouse. Most of the isolations 
were made from the soil by the poured-plate method, but some were 
made from root fragments. The media employed included acid and 
neutral potato-dextrose agar, Lipman and Brown agar, urea agar, 
nutrient agar, water agar, soil-extract agar, and combinations of water 
and soil-extract agars. 

The fungus isolates were tested for possible antibiosis or probiosis ® 
to Ophiobolus graminis in artificial media and in the soil. Three 
series of tests were made. In series 1 0. graminis and each of the 
soil fungi studied were grown together on potato-dextrose agar in 
100- by 15-min. petri dishes. In series 2 the effect of byproducts of 
the various soil fungi on 0. graminis was detennined. In this series 
the fungus being tested was grown for 7 to 14 days on a potato- 
dextrose solution or other liquid media; then the solution was filtered 
through filter paper and sterilized by autoclaving at 17 poimds’ 
pressure for 20 minutes. Different quantities of the sterile filtrate 
were then added to fresh, sterile potato-dextrose solution in 125-cc. 
Erlenmeyer fiasks or to sterile, melted potato-dextrose agar in test 
tubes for use in petri dishes. 

Later the fiasks of liquid medium and the petri dishes containing 
the mixtmes were inoculated with pieces of agar 2 mm. square cut 
from portions of an agar plate carrying Ophiobolus graminis in an 
activdy growing condition. The flasks and petri dishes were then 
incubated at 22® to 26® C. The rate of growth of 0. graminis on the 
agar plates was detennined by measuring the diameters of the circular 
colomes daily until the plates were covered; it took 7 to 10 days for 
the colonies to cover the plates if no antibiosis or probiosis was in- 
volved. In the liquid media the dry weights of the fungus mats 
were taken '^hen the experiment was terminated,, usually after 14 
days. Use of agar plates had the advantage of showing daily in- 
creases in g^wth and of requiring less time, but the use of nasks 
was less subject to experimental error. 

In series 3 the fungi were grown together in variously treated soils 
which were then planted to wheat. In part of this ser;jies the wheat 
seedlings were^ grown in the laboratory in 126-cc. Erlenmeyer flasks 
containing 60 gm. of sterilized soil which had been inoculated with 
Opkkholm graminis and the fungus to be tested. After 0. graminis 

’ In the present paper antibiosis is used to mean antagonistic relations of the 
, soil fungi or their byproducts to Ophiobolus graminis and probiosis to mean the 
c|)|lo<ilte^ that is, favorable relations to 0. graminis. 




Dm. 1 , 16 . 1M7 Sheets of Certain Soil Fmgi on Ophiob<^ 


281 


had m>wn through the soil, the fungus to be tested was introduced 
and we two fungi were permitted to grow together for a time before 
germinated, surface-sterilized wheat kernels were panted in the flask. 
At the end of the experiment the extent and severity of root lesions 
on the seedlings were recorded. In ptirt of s^es 3 the wheat plants 
were grown to matmity in the greenhouse in 6-inch clay pots con- 
taining soil naturally infested with 0. ^minia and artificially in- 
oculated separately with the different soil fungi to be tested. Data 
on the extent and severity of the lesions and on the general condition 
of the wheat plants were taken after they had heaoM. 

FUNGI ISOLATED 

Numerous soil and root isolates were cultured and tested for the 
production of substances that influence the development of OphioboJm 
graminis. The number of isolates (species or strains) in different 
genera was as follows; PenieiMutn^ 29; Fusarium, 20; Actinomyeea, 17; 
Aspergillue, 16; Ophiobolus, 8;Rhieoetonia, 7 ; Oliocladium, 6; Pythium, 
5; CnaeUmiutn, 5; Rhizopvo, 4; Hehninthosporium, 4; AUemaria, 4; 
Trichoderma, 3 ; Monilia, 3 ; Tridiothecium, 1 ; Acrotheeium, 1 ; Spiearia, 
1 ; and unidentified, 17. These fungi were numbered, and the species 
of those that tended to be antibiotic or especially probiotic to 0. 
graminis were identified whenever possible. These were the prin- 
cipal fungi used m the experiments. 

EXPERIMENTS IN ARTIFICIAL CULTURE MEDIA 

EFFECT OF OTHER SOIL FUNGI ON OPHIOBOLUS GRAMINIS 

In the experiments in which Ophiobolus graminis was grown in the 
same petri dish with another fungus (series 1), potato-dextrose agar 
was used in duplicate plates. Twenty-seven isolates of common 
soil fungi were tested separately with 0. graminis. Each of these 
and 0. graminis were placed about 40 mm. apart on opposite sides 
of an agar plate. The fungus growth, particularly where the hyphae 
of the two colonies advanced toward each other, was examined 
several times daily. 

A few of the soil fungi studied were actively ant^onistic to Ophiobo- 
lus graminis. These were Trichoderma lignorum (Tode) Harz ^o. 1), 
Aspergittus niger v. Tiegh. (No. 10), and Gliocladium fitmriatum 
Giunan and Abbott (No. 28). In case of these species the hyphae of 
0. graminis and those of the other fungus advanced on the agar plate 
until they met. Soon thereafter tlie hyphae of 0. graminis died back 
and disintegrated where the colonies met, and the colony of the other 
fungus continued to advance. The hyphae of T. lignorum actually 
parasitized those of 0. graminis by penetrating and killing them. It 
was not determined how the other two fungi killed the hyphae of 
0. araminis. 

Ophiobolus graminis and certain other fungi showed mutual rep^- 
lence. Both advancing colonies stopped growth at the inrade boraer 
before the hyphae met, leaving between them a zone wh«re there was 
no growth. The fungi that reacted in this way were Afipor^usfk^ 
Lk. (No. 8), A. nidulans (Eidam) Wint. (No. 2), and Pemedlium 
lUaeinum Thom (No. 13). 
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The antibiotic or probiotic influence on OpAioiolua graminia of the 
other fun^ tested could not be determined exactly by this method 
because either 0. puminia grew over them or it was oveigrown by 
them with no apparent injury to either. 

EFFECT cat BTFBODUCTS OF OTHER SOIL FDNOI ON 0PH10B0LU8 aBAMDnS 

Many tests (series 2) were made to determine whether certain soil 
fungi produced substances toxic or stimulatory to OpMobolua graminia. 
With few exceptions the medium used was the potato-dextrose solution 
as described previously. Soil decoctions and Czapek’s solution con- 
taining _ various nitrogen compounds were tried also. Measured 
quantities of the sterile filtrate from the solutions in which individual 
fungi to be tested had grown (15 percent by volume) were added to a 
medium in which 0. patninia was then mtroduced. Some fungus 
isolates were tested four or five times and others only once. The 
resulting growth was recorded as admeasure of any possible toxicity. 
Data were taken both on the increase in diameter of the colonies of 
0. graminia on ag^ and on the weight of the mycelial mats produced 
in the liquid medium. The growth of 0. paminis on the particular 
medium without the addition of any filtrate was taken as the control. 

Examples of both inhibitory and stimulatory effects of various fimgi 
in the test on potato-dextrose-agar plates are shown in figure 1. The 
average weights of mycelium in liquid medium (potato-OOTtrose solu- 
tion) and the measurements of radial growth on agar for 21 of the soil- 
fungus isolates are shown in table 1. These isolates were selected 
and identified as to species because they gave a fair representation of 
the biotic effects encountered. 

Thirty-nine, or about one-third, of the isolates included in these 
experiments produced substances that reduced the growth of Ophiobo- 
lua graminia more than 20 percent; 20 of these reduced the growth 50 
percent or more; and 6 reduced it more than 80 percent. Aapergillva 
mger (No. 10) and A. terreua (No. 86) inhibited the growth of 0. 
graminia completely. 

Four of the six fungi that reduced the development of Ophiobolus 
graminia 80 percent or more were species of AapergiUua. According 
to Thom ana Church {tO) these species fall in the A. fiavua, A. niger, 
and A. terreua groups and have been identified by the authors as 
strains of A. fiavua (No. 8), A. niger (No. 10), A. fiavipea (No. 80), 
and A. terreua (No. 86). 

On the other hand, eight of the soil-fungus isolates tested in these 
experiments produced substances that stimulated the growth of 
OpMobolua graminia 25 percent or more above normal. ' 

The time of production of inhibitory gro^h substances in artificial 
media by the soil fungi tested varied considerably. Some produced 
appreciable quantities in 48 hours and reached tneir maximum pro- 
duction in 5 days. Others reqiured a week or more to produce any 
toxic substance and 20 days to attain maximum production. Rhizopua 
nigrieana produced inhibitory substances in its early stages of growth 
and stimulatoiy ones later. Some isolates of oertam species of 
AapergiUua, especially A. terreua and A. niger, showed wide differences 
in Imtic behavior toward OpMobolua graminia. Such physiologic 
strains within a spedeB could not always be separated morphologicauy. 
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Figvbs! 1. — Bix-day growth of Ophtobolua gramtma on potato-dextrose agar IfeP 
which had been added 15-percent portions of sterile potato-dextrose solutions 
in which the soil fungi indicated had grown: A Aa^ergiHua mger (No, 10}t 
no growth; B, A, fiavua (No, 8), trace of growth; Ohoeladtum fimhnaitum (No. 

28) J21 mm. in diameter; Z), THohoderma Itgnorum (No. 1)» 24 mm, in diameter; 
E. PentetUtum Ulacinum (No. 13)^ 26 mm. in diameter; F, A, nidvlum (No. 2), 
55 mm. In diameter; A. imtua (No. 3)» 73 mm. in diameter; H, AUmmia 
humieola (No. 17), 85 mm. in diameter. The control colon)?^ of 
without any added byproduct was 62 mm. in diameter 
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Two experiments were conducted to test the production of sub- 
stances affecting the development of Ophiobolus grarninis by a selected 
list (table 2) of isolates of soil fungi ^own in soil extract. In the 
first experiment, a preliminary one, soil extracts that had supported 
the growth of the various soil fungi to be tested were added in small 
quantities to potato-dextrose agar and potato-dextrose solution; 
in all cases the growth of 0. grarninis on these media was stimulated 
markedly. This indicated either that these fungi produced sub- 
stances in soil extract that stimulated 0. grarninis or that in the soil 
extract itself there was a growth-promoting substance that obscured 
the effect of any inhibitory growth substance formed. 

Tablk 1. — Growth of Ophioholus grarninis in potato-dextrose solution or on potato- 
dextrose agar to which had been added 15-percent poHions of sterilized solutions in 
which various individual soil fungi had grown previously as compared with its 
growth on the same medium without such addition {coritroD. Manhattan. Kans., 


Growth of 0. graminU 


Fungus grown in solution that was added 


Actinomyces sp. (No. 2A) 

Alternaria humicola Oudemans (No. 17) 

flavipes (Bainer and Sartory) Thom and Church 

Aspergillus flams (No. I'll 

Aspergillus niiuUtns (No. 2) 

Aspergillus niger (No. 10) * 

Aspergillus niger (No. 47) > 

AspergiUus terreus Thom (No. 3) * 

Aspergillus terreus (No. 86) * 

Fusarium moniliforme Sheldon (No. 31) < 

Fusarium moniliforme (No. 109) * 

Fusarium moniliforme (No. 14) < 

Oliocladium fimbriatum (No. ^) 

Helminthosporium sativum Pam., King, and Bakke (No. 27) 

PenidUium liladnum (No. 13) 

Penicillium pinophilum Hedge. (No. 98) 

Rkizopus nigricans Ehr. ex Sr. (No. 4) 

Spicaria divaricata (Thom) Oilman and Abbott (No. 116) . . 

Trichoderma lignorum (No. 1) 

Trkhoderma lignorum (No. 34) 

Trichotheeium roseum Lk. (No. 29) 

Ophiobolus grarninis (control) 


Weight 
of fungus 
mats in 
solution 

Diam- 
eter on 
agar 

Compared with growth 
of control 

In so- 
lution 

On 
agar i 

Aver- 

age 

Om. 

Mm. 

Pet. 

Pet. 

Pet. 

0.0674 


95 

117 

106 

.0670 

77 

111 

no 

111 

.0089 

0 

15 

0 

8 

.0082 

25 

14 

36 

25 

.0553 

67 

92 

81 

86 

.0000 

0 

0 

0 

0 

.1082 

70 

180 

100 

140 

.0674 

77 

112 

no 

111 

.0000 

0 

0 

0 

0 

.0968 

61 

161 

87 

! 124 

.0000 

51 

0 

73 

36 

.0618 

69 

103 

99 

101 

.0000 

25 

0 

36 

18 

.0667 

88 

111 

126 

118 

.0269 

27 

45 

39 

42 

.0130 

25 

22 

36 

•29 

.0206 

27 

34 

39 

37 

.0063 

0 

10 

0 

5 

.0038 

37 

6 

53 

30 

.0066 

36 

11 

51 

31 

.0643 

70 

107 

100 

104 

.0601 

70 

100 

100 

100 


1 Percentage computed by comparison of diameters. 

* These 2 isolates of AspergiUus niger could not be separated morphologically. 

* These 2 isolates of A. terreus could not be separated morphologically. 

* These 3 Isolates of Fusarium moniliforme could not be separated morphologically. 


In the second soil-extract series 5 kg. of garden soil was extracted 
with boiling distilled water, filtered through cheesecloth, and finally 
force-filtered through 6 thicknesses of filter paper covered with fine 
mud. The light-amber liquid obtained was divided into 11 (60-cc.) 
aliquots in Erlenmeyer flasks and was sterilized 1 hour in the auto- 
clave at 15 pounds^ pressure on three successive days. The flasks were 
then inoculated separately with the following soil fungi: Alternaria 
humicola^ AspergiUus flamSj A. niger, A. terreus, Gliocladium fim- 
briatum, Penicillium liladnum, P. viridicatum Westling, PenidUium 
sp. (No. 21 ), Rhizopus nigricans, Trichoderma lignorum, and Ophiobo- 
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Ins graminis. Growth was slow and sparse. After 60 days all 
flasks were sterilized again by autoclaving, their contents were filtered, 
imd the filtrates were used as 15- and 25-percent (by volume) addi- 
tions to potato-dextrose agar and potato-dextrose solution in petri 
dishes and flasks as previously described. 0. graminis was then 
grown in each of these. Data on the growth of 0. graminis in the 
petri dishes and the flasks were so simuar that only those from the 
flasks are given in table 2. 

Table 2. — Growth of Ophioholus graminis in potato-dextrose solution to which had 
been added 16^ or 26^'percent portions of sterilized soil extracts in which various 
individual soil fungi had grown previously as compared with its growth in the same 
medium without such addition (control), Manhattan, Kans., 1938 


Fungus grown in solution that was added 


AUernaria humicola (No. 17) 

AtpergiUus flavus (No. 8) 

AspergUlus niger (No. 10) 

AspergillM terrevA (No. 3) 

Qliocladiim fimbriatum (No. 28). 

Penicillium lOacinum (No. 13) . . 

Penidllium viridicatum (No. 20). 

PenidUium sp. (No. 21)... 

PhizoptLt nigricans (No. 4).. 

Trichaderma lignorum (No. 34).. 

Ophiobolus graminis 

Ophiobolus graminis (control) 

> Average of 4 controls. 

It is apparent from table 2 that the soil extract which had served as 
a medium stimulated the growth of Ophioholus graminis in every 
instance. It is also apparent in the case of Aspergillus txrreus, A. 
flavus, A. niger, Peniculium sp. (No. 21), Gliocladium fimbrialum, and 
Penicillium lUadnum that the 25-percent addition produced less 
growth than the 15-percent addition. It might be assumed that the 
greater amounts of inhibitory material present in the 25-percent addi- 
tion were responsible for the reduced growth. These particular 
isolates had been found to be toxic in previous tests in other media, 
whereas, of the four fungi that exhibited greater ^wth after the 
25-percent addition than after the 15-percent, Rhisopus nigricans 
and AUemaria humicola had often produced growth materials stimu- 
latory to 0. graminis in previous experiments. 

Experiments were performed to studj^ the production of byproducts 
inhibitory to Ophioholus graminis by soil fungi nourished by different 
sources of nitrogen. Four lots of Czapek’s solution were made up, 
each carrying a Cerent nitrogen compound in concentrations of 
2 gm. of the compotmd per liter. The nitrogefl sources used were 



Growth of 0. graminis 

Soil 0x* 
tract 
added 

Weight of 
fungus 
mats 

Compared 
with growth 
of control 

Percent 

Grams 

Percent 

/ 1*'^ 

0.1224 

130 

\ 26 

.1416 

158 

/ 

.1205 

135 

\ 25 

.1068 

119 


.1320 

147 

1 25 

.1060 

117 

/ 16 

.1102 

123 

1 25 ! 

.1020 

115 

j 15 

.1021 

114 

1 25 

.0023 

103 

/ 15 

.1106 

134 

\ 25 

.1150 

128 

/ 15 

.0000 

112 

\ 25 

.1430 

160 

1 15 

.1526 

170 

\ ' 25 

.1268 

142 

/ 1® 

1047 

117 

1 25 

.1402 

167 

/ 15 

.1076 

120 

\ 25 

.1123 

125 

/ IS 

.0084 

110 

\ 25 

.0076 

100 

0 

1 .0805 

100 
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ammonium chloride, ammonium nitrate, sodium nitrate, and urea. 
Potato-dextrose solution was included for comparison. Fifty cubic 
centimeters of each nutrient solution was placed in 125-cc. Erlen- 
meyer flasks, plugged with cotton, and sterilized in the autoclave for 
1 horn at 15 pounds’ pressure. These were then inoculated separately 
with seven selected soil isolates, namely AapergiUus flavus, A. mduJMns, 

A. niger, Gliocladium Jimbriatum, PeninUium Ivaeinum, Rhizopus 
nigricans, and Trichoderma Hgnorum. All except A. nidulans and 
R. nigricans had been fairly uniform in producing in potato-dextrose 
solution substances that inhibited 0. graminis. Each fungus was 
OTown in each of the five solutions for 10 days. All grew except 

B. nigricans with sodium nitrate and T. lignorum with ammonium 
chloride as sources of nitrogen. 

After 10 days the solutions were filtered, sterilized, and mixed with 
potato-dextrose agar or solution so that the fimgus extract would 
constitute 15 percent (by volume) of the mixtme. The mixtures 
were placed in petri dishes and flasks, respectively. These were then 
inoculated with Ophiobolus graminis. As a control 0. graminis was 
grown in potato-dextrose solution without the addition of nitrogen 
compounds and without filtrates containing byproducts of other fungi. 
The weights of fungus mats from the flasks, which represent the com- 
parative growth, are shown in table 3. 

Table 3. — Growth of Ophiobolus graminis in potato-dextrose solution to which had 
been added 15-percerU portions of sterilized solutions in which various individual 
soil fungi previously had been nourished by different sources of nitrogen as com- 
pared with its growth in the same medium without such addition {control), Man- 
hattan, Kans., 1938 



Growth of 0. 


Growth of 0. 


graminis 


graminis 

Nitrogen source or medium and 



Nitrogen source or medium and 


Cam 

fungus grown in solution that 
was added 

Weight 

of 

pared 

with 

fungus grown in solution that 
was added 

Weight 

of 

parnd 

with 


fungus 

growth 


fungus 

growth 


mats 1 

of con- 


mats ’ 

of con- 



trol * 



trol 2 

Ammonium chloride: 

Orams 

Percent 

Urea: 

Grams 

Percent 

Aspergillus niger (No. 10) 

0.0000 

0 

Oliodadium fimbriatum (No. 28) . . 

0.0000 

0 

Aspergillus Hams (No. 8) 

.0207 

33 

PeniciUiumlilacinum (No. 13) 

.0523 

84 

Tfhizopus nigricans (No. 4) 

.0468 

76 

Aspergillus niger (No. 10) 

.0660 

89 

PenieiUium'lilacinurn (No. 13).. 

.0501 

81 

AspergiUus flams (No. 8) 

.0594 

96 

Oliodadium fimbriatum (No. 28) . . 

.0522 

84 

Amergillvs nidulans (No. 2) 

Trichoderma lignorum (No. 1) — 

.0664 

107 

Aspergillus nxdvlans (No. 2) 

.0613 

99 

.0718 

116 

Ammonium nitrate* 



Rhizopus nigricans (No. 4) 

.0849 

137 

Oliodadium fimbriatum (No. 28) . . 

.0000 

0 

Potato-dextrose solution: 



Aspergillus nidulans (No. 2) 

.0524 

85 

AspergiUus niger (No. 10) 

.0000 

0 

AspergiUus niger (No. 10) 

.0585 

94 

Rhizopus nigricans (No, 4) 

.0072 

12 

Trichoderma lignorum (No. 1) 

.0633 

102 

AspergiUus flams (No. 8) 

.0098 

16 

PeniciUiumlilacinum (No. 13).... 

.0688 

111 

PenidUium liladnum (No. 13) ... . 

.0493 

80 

Aspergillus flams (No. 8) 

.0942 

152 

Oliodadium fimbriatum (No. 28) „ . 

.0568 

92 

Rhizopus nigricans (No. 4) 

.1600 

242 

AspergiUus nidulans (No. 2) ... 
Trichoderma lignorum (No. 1) . .. 

.0603 

97 

Sodium nitrate: 



.0614 

99 

AspergiUus niger (No. 10) 

.0000 

0 

Control (potato^extrose solution 



AspergiUus flams (No. 8) 

Oliodadium fimbriatum (No. 28).. 

.0305 

.0525 

49 

85 

alone)* 

Ophiobolus graminis 

.0620 

100 

PenidUium lUacinum (No. 13) 

.0687 

95 



Trichoderma lignorum (No. 1).... 

.0607 

96 




Aspergillus nidulans (No. 2) 

.0810 

131 





' A venep of 2 replicates. 

> Fungi listed in each group in descending order of Inhibitory action on OpMoMus graminii. 
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It will be seen in table 3 that the growth of Ophiobolus graminis 
may be variously affected by the byproducts from fungi grown in 
media wi^ different nitrogen sources. These effects ranged from 
complete inhibition of 0. graminis to striking stimulation. 

Aspergitlm niger grown in Czapek’s solution with ammonium chlo- 
ride or sodium nitrate or in potato-dextrose solution developed by- 
products that completely inhibited Ophiobolus graminis; only slight 
inhibition resulted when it was grown with ammonium nitrate or 
urea. In contrast, Oliocl^iumjimbriatum developed byproducts that 
effected complete inhibition of 0. graminis when ammonium nitrate 
or urea was the nitrogen source but not when the other compounds 
were used. 

Aspergillus flavus when grown in Czapek’s solution with ammonium 
chlonde or sodium nitrate or in potato-dextrose solution developed 
byproducts that inhibited but did not prevent growth of Ophiobolus 
graminis. This is in agreement with the results shown in table 1. 
In general, the byproducts from A. flams seemed to be of the same 
nature as those from A. niger, but the inhibitory effects were less. 
It is of special interest to note that the byproducts from A. flavus 
grown with ammonium nitrate were distmctiy stimulatory to 0. 
graminis, producing 152 percent as much growth as the control. 

Rhizopus nigricans developed inhibitory byproducts when grown in 
potato-dextrose solution or in C^pek’s solution with ammonium 
chloride as the nitrogen source. 'V^en ammonium nitrate or urea 
was used, its byproducts were distinctly stimulatoiy, causing 242 and 
137 percent growth of Ophiobolus graminis, respectively. 

The byproducts of PeniciUium lilacinum, Aspergillus nidulam, and 
Trichoderma lignorum were only slightly inhibitory, neutral, or slightly 
stimulatory. The byproducts from these three fungi also had some- 
what similar effects in the earlier series, but the inhibition was greater 
(table 1). 

The unused nitrogen remaining in the solutions in which the soil 
fungi had grown was not responsible for growth stimulation, as Fel- 
lows U) has shown previously that Ophiobolus graminis cannot utilize 
any of the tested sources of nitrogen in a modified Czapek’s solution. 
It is not believed that any of the other unused compounds of Czapek’s 
solution were stimulatory, since 0. graminis grows better in potato- 
dextrose solution alone than in modified Czapek’s solution even when 
there is a source of nitrogen in the latter that is favorable for its 
growth. 

The experiment indicates that the production by other soil fungi of 
substances that are injurious or beneficial to Ophiobolus graminis de- 
pends on the nature of the soil nutrients as well as on the kinds of 
fungi present. It indicates that some soil fungi may be distinctly 
beneficial to 0. graminis under certain nutritional conditions and de- 
cidedly injurious imder other conditions. It also suggests that the 
inhibitory substances produced by one fungus may be different from 
those produced by another, since they apparently are formed from 
different materials. 

EXPERIMENTS IN SOIL 

The interaction of Ophiobolus waminis and certain soil fun^ was 
tested botii in sterilized, artificiaUy infested soil and in unstonlized, 
naturally, infested soil (series 3). A method was devised for testing 
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the reaction of 0. graminis to any other soil fungus by determining 
the effect of the latter on the pathogenicity of 0. graminis to wheat 
seedlings and older wheat plants. In order to avoid introduction of 
undesirable organic matter, both 0. graminis and the other soil fungi 
used in these experiments were cultured in the soil. 

EXPERIMENTS IN STERIUZED SOIL 

All experiments with sterile soil were in r25-cc. Erlenmeyer flasks 
containing 60 gin. of soil moistened to approximately 70 percent of its 
water-holding capacity and steam-sterilized in the flasks. Except in 
the uninoculated controls the soil was then inoculated with Ophiobolus 
graminis by introducing a 2-mm. cube of agar upon which the fungus 
was growing. After 14 days’ growth of 0. graminu the soil in some 
of the flasks was inoculated similarly with the other fungus to be tested. 
Other flasks were left as inoculated controls, that is, they contained 
only 0. graminis. Fourteen days later a surface-sterile wheat seedling 
was planted in the soil in each flask and allowed to grow 14 days. 
At that time 0. graminis had been in the soil 42 days, the other fungus 
28 days, and the wheat seedling 14 days. During all this time the 
inoculated soil and the wheat plant were kept as frec^ as possible from 
external contaminat ion. The lengths of the three primary roots and of 
the diseased portions were then measured, and tlu' perccuitagc^ of root 
length showing disease lesions was (calculated. Twenty-thn^^ fungi 
were tested by this method. Two virulent and one moderately 
pathogemic strain of 0. graminis were used. It was found that any 
fungus that checked the pathogenicity of 0. graminis checked the 
moderately pathogenic strain more effectively than it did the higlily 
virukmt ones but in the same order. In one (experiment seven fungi 
were used with a moderately pathogenic strain of 0. graminis. The 
results are given in table 4. 


Table of certain soil fungi on the growth of wheat rootf^ and on take-all 

in soil sterilized and then inoculated with Ophiobolus grarniniSy Manhattan, 
Kans.. 1939 


FuriRus added to soil with 
Ophiobolus graminis 

AXGTQgi' 
length of 
3 pri- 
mary 
roots 

Average root 
length diseased 

General appearance and remarks 

Aspergillus ftavus (No. 8) 

Aspergillus niger {No 10) - 

Fusarium moniliforme (No 31). 

Oliocladium fimbriaium (No, 28) 

Ophiobolus graminis (control) 

Pythium arrhenomanes (No. 126) 

Rhizopus nigricans (No. 4) _ . 
Trichoderma lignorum (No. 1) 

Mm 

126 

130 

121 

110 

117 

68 

106 

114 

Mm. 

32 

68 

22 

57 

86 

41 

36 

3 

Percent 

26 

62 

18 

52 

74 

70 

34 

3 

Fair control 

Good control in 1 fla.sk; none in others. 
Good control in 2 flask; fair control in 1. 
Some control 

Badly diseased. 

No control; badly diseased 

Doubtful, contaminated with No. 1. 
Good control. 


As shown in table 4, fair to good control of Ophiobolus grammis 
was obtained by artificially inocmating infested soil with Trichoderma 
lignorum (No. 1), AspergiUus flams (No. 8), or Fusarium moniliforme 
(No. 31). Less control was obtained with A. niger (No. lO) and 
Oliocladiumflmbriatum (No. 28) and none with Pythium arrhenomanes 
Drechs. (No. 126), which is known to be parasitic on wheat. The 
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flasks containing Uhizopus nigricans (No. 4) were accidentally con- 
taminated with Trichoderma lignorum (No. 1), obscuring possible 
effects of the former. 

In the uninoculated, sterilized soil the wheat roots and tops were 
stunted and short but the roots were white and clean. Seemingly 
there was some toxic effect of steam sterilization of the soil, as the 
root lengths averaged only 40 mm. as compared with 100 and 150 
mm. for those in soils to which fungi had been added. Most of the 
fungi used, including Ophiobolus graminis, dissipated this inhibitory 
effect rapidly when cultured in the sterilized soil. An exception was 
Rhizopus nigricans (No. 4) in the presence of which the wheat roots 
were similar to those in uninociilated, sterilized soil. The reason 
may have been that this fungus inhibited root growth, or it may not 
have dissipated the injurious effect of steam sterilization, as did the 
others. 

EXPKRIMENTS IN NATURALLY INFESTED SOIL 

Experiments in which various soil fungi were introduced into soil 
naturally infested with Ophiobolus graminis were rather limited. 
Howev(‘r, they show that the severity of take-all was reduced by 
increasing the population of cc'rtain species in a soil containing its 
natural flora. 

In one experiment the fungi to be tested were cultured separately 
under aseptic conditions in moist, sterilized soil in 1-liter Erlenmeyer 
flasks. Inoculation was accomplished by a 2-mm. blocik of agar upon 
which the fungus to Ix^ tested was growing. After sufficient growth 
had occurred, as judgcid by the penetration through the soil, the cul- 
ture was mixed with soil naturally infested with Ophiobolus graminis 
at the rate of 1 jiart by volume of inoculated soil to 3 parts of naturally 
infested soil. The mixture was placed in 6-inch pots in the green- 
house, and Kanred wheat was planted in it. For the fungi that 
formed spores, this inoculum was supplemented by adding spores 
from a petri-dish culture to the top 3 inches of the soil. Planting 
was done after inoculation. The final examination was made when 
the wheat jilants were nearly mature. Two kinds of controls were 
used; one consisted of a mixture of 3 parts of naturally infested soil 
and 1 part sterilized soil and the other of sterilized soil alone. 

The effect on the severity of take-all of adding Aspergillus flams 
(No. 8) to naturally infested and to artificially inoculated soil is shown 
in figure 2. The seedling roots shown in A and B grew in soil that had 
been artificially inoculated with a pure culture of Ophiobolus graminis, 
but the roots in B had been protected by A. flams (No. 8), which was 
added to the soil before thd wheat was planted. As shown in table 
4, the average root length infected in A was 74 percent, whereas that 
in B was only 26 percent. 

The control wheat plants, which were almost entirely killed, were 
grown in soil naturally infested with Ophiobolus graminis (fig. 2, C). 
The plants shown in figure 2, D, were grown on part of the same lot 
of naturally infested soil that had been inoculated with Aspergillus 
Hams (No. 8) before the wheat was planted. Although there was 
some infection, a fair growth of wheat occurred. 
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Figure 2 . — A and B, Roots of wheat seedlings grown in soil artificially inoculated 
with Ophiobolus graminis: 0, graminia alone, 74 percent of root length in- 

fected; Bf with Aspergillus flavua (No. 8) added to the soil, 26 percent of length 
infected. Ct Wheat plants, almost entirely killed by take-all, grown in soil 
naturally infested with 0. graminis, D, Wheat plants grown in part of the 
same soil as C with A. flavua (No. 8) added to it before the wheat was sown. 
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DISCUSSION 

Tli(» (lata pr(‘sent(»d li(‘r(Mn serve mainly to (‘iriphasize the com- 
plexities of th(^ probl(‘ms involved latlier than to give any solution. 
The inten-elations of soil fungi, esjx'cially when one or more are 
pathogenic, seem of sufficient importance to imu-it study, particularly 
as there arci still many unexplained phenomena. 

In the ])r(‘sent study a numlier of common soil fungi were found to be 
antagonistic to ()phi(tbolus graniinis in one or more ways and some 
w(*r(‘ stimulatory. Sonn^ fungi, Trivhoderma lignorum, for (^xaniph\ 
seemed capable of din^ct parasitism; others und(T certain (‘onditions 
])roduc(‘d growth sid)stanc(‘s distinctly injurious to O, grammis; 
and still otb(‘rs produced byproducts markedly stimulatory to 0. 
graminls. Some wen^ capable of either injury or stimulation, de- 
])ending on the jiarticular si‘t of conditions under which they were 
grown. UndcM- a givcui scd of (‘onditions, one soil fungus was distinctly 
antagonistic to O. gra minis wluuvas another was beiuTicial. Under 
anotlu'r scU of conditions th(‘ (dlects were* r(‘V(‘rsed. In the light of 
this information, it may b(‘ concluded that the applications of certain 
soil amendnuuits may enable soin(‘ very common soil fungi to produce 
bypro(lu(*ts (‘itluu* antibiotic or probiotic to O. graniinis, 

I'luhu* th(‘ conditions of the experiments at k'ast one fungus 
{Rhizopus nigricans) jjroduced toxi(j substances during its early 
growth and mark(‘dly stimulatory substan(‘(‘s lat(T. 

It s(‘(*ms t‘ntin‘ly pro])able that tlau’e are several diflVnmt byproducts 
of fungus growth capable of inhibiting development of Ophiobolus 
graniinis, as su(‘h substaiuM's are produc(‘d from different materials 
and by diffcTent fungi. FurtluMmore, the production of the by- 
j)r()du(‘ts is affected diffenmtly by certain physical changes. 

Th(* fragmentary (‘vid(Mice obtained in these studies indicates that 
th(‘ metabolism of the soil fungi studied differs wid(dy. For example, 
Rhizopus nigricans was unable to grow in Czapek^s solution with 
sodium nitrate' as a soiu’ce of nitrogen, but it made satisfactory 
growth wht'ii the nitiogen was from other sources. Jn the same 
expe'riment, Trichodernia Ugnorum was unable to grow in Czapek's 
solution with ammonium chloride as a nitrogen souir.e but it made a 
normal grow Ih w Ik'u oth(*r compounds w c're the source's of nitrogen. 

It juay b(' noted also that GJiocladium jimbriatum and Rhizopus 
nigricans n'versc'd tlu'ir positions iniH'spect to production of inhibitory 
b 3 ’^products in ])otat()-(l('xtrose solution in the ('xpi'riments j*eporte"d 
in tables 1 and 3. In i)artial e'xplanalion of this seeming discrepancy 
it may Ix' stated that the lO-day period of growth used in the latter 
('xperiment was })iobably too short for maximum jnoduedion of in- 
hibitory substances from ])otato-dextrose media by G, Jimbriatuni. 
This fungus, which grows ratlu'r slowly, required a 20 -da 3 ^ growdh 
p(U’io(l h)r maximum productioj) of toxic substances in potato-dextrose 
solution, wlu'reas R. nigricans, which grows rapidly, required only 
5 days to reach maximum production of the inhibitory substances in 
the sanu' medium. After 15 and 20 days' growth in this medium, 
liowever, it was found in sevc'ral tosts to be producing stimulatory 
byproducts. 

The marked stimulation of the growth of Ophiobolus graminis 
caused by byproducts of Rhizopus nigricans giowm in Czapek's 
solution with ammonium nitrate as a source of nitrogen is of much 
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ifiterost. The small quantity of growth solution added could not 
have furnished any large amount of food. Stimulation must have 
been in th(' nature of a hormone, or a. “bios.'' Soil fungi j)arasitic 
or irdnl)itory to other soil fungi have l)een reported by Weindling 
(//), who also wrote an extensive trt'atise on association (‘fleets of 
fungi {12), 

In artificially inoculat(‘d soil the parasitism of Ophlobolus gram inis 
on wheat roots was definitidy l(‘sseiie(t by the presence of sev(‘ral 
otluT coinmon soil fungi, as shown in table 4. Also in Jiaturally 
infest(‘(l fi(‘ld soil th(‘ s(‘V(‘rity of take-all usually was l(‘ss(‘ned l)y 
incr(‘asing the j) 0 ])ulation of certain fungi, but the results werc^ l(‘ss 
consistent. 

SUMMARY 

Fungi ca[)al)l(' of producing sul)stanc(‘s tluit inhibit the growth of 
Ophlohotus gram inis in pun' culture and of ])!*(' v(‘n ting or l(*ss(‘ning 
infection of wlu'at by 0. graminis in soil wen' isolatc'd from soils in 
central Kansas, both those' in which (), graminis (X'curn'd and those' in 
which it did not occur. 

Fungi, the byproducts of which stimulat(‘d Ophiohalus graminis in 
])ure cultun', also were isolate'd. 

Among 1411 spe'cies and strains of fungi t('sl('d, about. 25 perc(*nt 
produced in pure cidtun* byproducts that w(*r(' inhibitorv to Ophi- 
obolus graminis and about 10 percent produc('d those* that were 
stimulatory. 

The production of inliibitory or stimulatory l)V|)roducts by any 
fungus varii'd with its stage*, of growth and the*, nature of the* substrate* 
on which it was cultured. Some* fungi produced inhibitory byproducts 
on one culture* medium and stimulatory byproducts on anothe'r. On 
the same substrate inhibitorv byproducts were* produced by one* 
fungus and stimulatory substances by anothe'r. 

Seve*ral soil fungi decrease'd the pathoge'iiicity of (Iphiobolus gra- 
minis em wheat in both artificially inoculate'el and naturally iufe'ste'd soil. 
The degree* of inhibitory action in soil shown by any fungus toward 
0, graminis varied some*what with the strain of the* latte'r, 
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THE EFFECT OF SHORT PHOTOPERIOD ON SORGHUM 
VARIETIES AND FIRST GENERATION HYBRIDS ‘ 


Hy ,1. li. Qitinby, agronomist, and R. E. Kaiiper, agronomist in charge of sor- 
ghum investigations, Texas Agricultural Experiment Station 

INTRODUCTION 

Th(*re arc numerous varieties of sorghum {Sorghum vulgare Pei's.) 
grown in the Unitial States, n sciore or more of which have been intro- 
duced and 40 or 50 of whicli have lieen produced tlirough hybridiza- 
tion and selection. In Africa and Asia, where the speides is indige- 
nous, then' are literally hundreds of varieties. As would he e.vpccted, 
the varietal differences are of many kinds and include contrasting 
characters involving glume color and te.xture, awns, of pericarp c.hloro- 
plast, and other plant colors, types of endosperm starch, integu- 
ments, juiciness and sweetness of st(un, plant lu'ight, rate of tillering, 
and duration of growth. Many of the differentiating characteristics, 
including duration of growth, have been shown to he under genetic 
control. Differences in adaptation otlu'r than those influenced by the 
known genes that determine plant response to photoperiod are also 
assumed to he genetic. It would he useful to know how sorghum 
varieti('s respond to changes in photoix'iiod since such knowledge 
would furnish a basis for a genetic classification. 

REVIEW OF LITERATURE 

The literature concerning the rea<-tions of jilants to photoperiod, 
temperature, and nutrition, and the differential rt'sponse of varieties 
to identical treatments has become extensive. It is now generally 
ac(rept('d as a fact that differences in maturity among varieties of 
many species ar(' brought about by different reactions to environment. 

Thompson ((S’) ^ has reviewed the literature that shows the relation 
between temperature and vegetative* and reproeluctivc development in 
plants. The work in this fieild shows that the prevailing temperature 
may determine whether or not a plant will be photo|)eriodically sensi- 
tive. According to llamiu'r (.S), most investigators have concluded 
that if a s|)ccies c<*nlains any strains that can be classed without 
(j nest ion in cither the long-elay or the short-day group, then all other 
strains of the same spc'cies will tend to exhibit responses which would 
place them in the same group. The varieties or strains of such a 
spc'cies may be arranged in a giaded sei'ies acconling to photoperiodic 
response with the sensitive st rains at one end and the more or less day- 
neutral strains at the otlier. The inference from this work is that 
the thermal requirements have not been met whenever a variety or 

* Uocoivod for publication April 24, 1947. (Vintribution No. 1034 from the 
Dopartmont of Ajuronorny, Texas Agricultural lOxpcrinient Station. 

^ Italic numbers in parentheses refer to Literature (’iteci, p. 300. 
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strain of a photoperiodirally sensitive species does not respond to 
short (or long) photoperiods. 

Just how ph()top(*riodism fits, if it does, into the theory of phasic 
development is not as yet well understood, as has been pointed out 
by Hamner {S). The concept of phasic development emphasizes the 
fixed sequence of th(^ phases and the diflVrences between the thermo- 
scoto-, and photo-phases of plant growth, (^ontrary to this concep- 
tion, some ('viden(‘e indi(‘ates that in certain short -day species photo- 
periodic, induction o(U*urs during both tin* light and dark phases of a 
cycle. Also, some |)lants which recpiire a treatment with low temper- 
ature have not la'en i*eport(‘d as behaving like ty])ical short-day plants 
after low temp(u*atui'e tn'atnnmt. 

(Jarner and Allard {2) showed that sorghum is a short-day species. 
Borthwick and Parker (/) found that a numt)er of soybeans varudies, 
all of wliic-h an' sc'iisitive to photoperiod, hav(' different critical photo- 
periods. Quinby and Karper {5) reported that all strains of milo an' 
sc'nsitive to photoperiod and that the strains which have unlike dura- 
tions of growth apparently differ from oiu' another in having differerit 
critical photoperiods. 

Sorghum varietic's and first generation hyl)rids between them vary 
greatly in duration of growth as well as in size and grain production. 
Karp('r and Quinby ({) have presented data in d(‘tail on several va- 
rieties and hybrids. The lateness of maturity ('xhibited by certain 
hybrids, e.xclusive of tin* eff('(*ts due to lu'U'rosis that, are discussed by 
Quinby and Karper (f/), is considered to he du(' to the action of com- 
plementary geiu's and it appears that the g(‘ne Ma is involved where- 
ever extrerm' latc'iK'ss occurs. 

MATERIALS AND METHODS 

When work on tin' inheritance* of genes that a(f(*('t maturity in sor- 
ghum was begun at the Tc'xas station in H)3S, it soon Ix'canK* apparc'nt 
that sorghum varieties differed not only in having diffen'nt critical 
phot operiods but also in sc'nsitivity to short -day tn'at nu'nt. To 
investigate this point further, 12 varieties were grown in a July 3 
planting in the field in 1941 at the (4nHicothe substation, and part, of 
each variety was siibjc'cted to a 10-hour photoperiod and the* remaindc'r 
left without treatment. A similar jdanting of 14 varieties and 21 
first generation hybrids was made on Jum* 30, 1942. During July 
at this latitude of 34^ the sun is above the horizon for slightly ov^er 
14 hours. The av(‘rag(' minimum (night) temperatures at Chilli- 
cothe during July in 1941 and 1942 were, r(‘S[)('c,tively, 71 .4^and 70.5° F. 
The corresponding maximum (dav) temperatures wen* 95.0° and 
99.9°. 

The plants subj('ct(‘d to 10-hour photoperiods were covc'red, from 
the day of f)lanting until after head diden'iitiation of all varieties, 
from 5 p. m. to 7 a. m. with ])Oxes covered first with rubberiz(*d cloth 
and then with white shc'eting. Th(* boxes were constructed in su(di 
a way as to allow v(*ntilation. The length of th(‘ short-day treat- 
ment was 39 days in 1941 and 29 days in 1942. The plantings ('con- 
sisted of short rows about <S inclu's apart. Sei'ds w(‘re planU'd thickly 
in order that there might lx*, sevu'ral plants for examination as seed- 
lings and at stages of growth prior to the time of floral initiation and 
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still loavo four plants to ^row to maturity. After the time of floral 
initiation the stand of each variety was rediKunl to four plants in both 
treated and untreated plots. In a number of eases there was not 
sufficient crossed seed to furnish enough plants for examination in 
the early period of growth, which accounts for the blanks in the tabu- 
lated data. When stands were obtained as (h‘sired, four plants were 
present at maturity in a Ifi-inch row. The stands in the treated and 
untreated arenas, each of which occupied about 45 square feet in 1 942, 
were as n(‘arly identical as possible. 

These small an^as, whi<‘h (*onsisted of fertile soil, were watered 
sev(M*al times by flooding, (^lose sf)acing and ample moisture such as 
W(M‘e used in this experiment apparently have no great influence as 
a part of the environment, sin(‘e the tim(» of anthesis of the plants 
under normal day length appears to be within the normal range for 
th(‘ various varieti(‘s. Plant size, however, was greatly reduced from 
that of plants grown in 40-inch rows and 8- to l2-inch spacing. The 
small plants in the close spacings had the same leaf number as those 
in wide rows. It appears that clos(‘ s|)acing itself does not affect the 
time that is consuni(‘d in laying down an internode but it does affect 
th(‘ siz(‘ of th(» growing point which controls the size of the leaves, 
culm, panich', etc. (^los(* spacing also retards till(*r develo])ment. 

Tin* fifth and tenth halves \\er(‘ permamuitly identifical by small 
tags plac(*d arouiul the stem above lh(‘ half. Ka(‘h plant was tagged 
on th(' day of first anthesis. 

The figures that afipiair in tables I and 2 wiui' obtained in the fol- 
lowing inaniKM’. Plants W(*re examimal for floral initiation ea(‘h day 
after the twentiidh. Tin* first day on \\hi(*h a florally inducted head 
was found was d(‘signat(‘d as the day of head differentiation. The 
figure's for days to first aiitesis and number of h*av(‘s vv^ere taken from 
the [)lant that was selecti'd arbitrarily as being most n'presentative 
of the four that gri'W to maturity. To d(‘termine whether floral 
initiation had taken place, plants were sjdit with a |)ock(‘t knife and 
the growing points ('xamined under low magnification. 

EXPERIMENTAL RESULTS 

Data on number of days from planting to head difTerentiation, first 
anthi'sis, and number of h*aves of the varieti(‘S and hybrids under both 
normal and lO-hour photoperiods are presented in tables 1 and 2. 

It is (juite evident that there are differences in sensitivity to lO-hour 
photopi'riods. In 1941 the seiisitivi* varietic's differentiated their 
h(*ads on th(‘ twenty-third day and in 1942 on the twenty-first to 
twenty-third day. This sensitive group of varieties consisted of both 
milos, w^pur aiul 81 1 feteritas, both hegaris, Freed, California 
White durra, both kalos, Bonita, Bonar durra, and shallu. Manko 
was a litth' less sensitive to lO-hour photoperiods than the group just 
mentioned but was more siuisitive than Blackhull kafir, Sumac, 
Bishop, and Lemon Yellow. Dwarf brooincorn was the (uie variety 
that failed to be affected by lO-hour photoperiods in oitlnu- year. 
Ilowi'ver, Texas Blackhull kafir was unaffect e(l in 1942, the only year 
in which it was grown. 

The number of days to first anthesis and leaf number are a reflec- 
tion of th(' relative time at whicli head differentiation took place. 
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Tablk 1.- — Effect of 10-honr yholopenod on time of floral initiation, leaf nuynher, and 
time of anthesis of sorghum varieties planted July S, IO 4 I 7 Chillicothe, Tex. 




N umbel of days from 






plant iTiR to 


N umbel of 
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- — 

leaves on 
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matin e plant 
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Shoi t 
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da.v 

day 

da> 

day 
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49 

II 

1.1 
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'IVxas milo 

2.3 
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47 
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11 

18 
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48 

47 
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11 

17 
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.11 

51 
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1.3 

It 
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23 
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05 

Pi 

19 
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2.1 

32 

in 

51 

10 

12 
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25 

47 
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77 

12 

17 
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Bishop - - - . - 

28 

.19 

(d 

71 

14 

17 
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Sumac - -- - 

29 

.39 

60 

()5 

11 

Pi 
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Blackhull kaflr - 

29 1 


1 .59 ' 

09 

14 1 

1 P> 

SPI .30204- . - 

Dwarf broomcorn -- 

.19 ' 

1 

...•‘■■’I 
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liS 

15 1 

i 1 

1 15 

I 

Tablk 2. — Effect of 10-hour photopenod on time of floral initiation leaf number, and 


tune of anthesis of sorghum varieties planted June JO, 10 at (luUieothe, 7\.r. 
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V'aiielyoi li>bii<l 


I 
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planting to 
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22 

27 
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11 

3*S 25243-276 
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22 

39 

Pi 

ti.5 

13 
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21 
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44 

71 

11 
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22 


46 

78 

12 
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21 

27 
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.5;! 

8 

FC” 16207 - 

Kaio 

22 

29 

Pi 

00 

II 

FD 811 
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21 

27 

15 

19 

II 
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51 

02 

It 

SPI .551 28 - - 

Boriar diirra 

22 

27 

51 

51 
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27 

15 

54 

51 

75 

10 
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27 

70 

55 
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29 
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liO 

It 
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29 

29 

07 

ot 

13 
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25 

52 

52 
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It 
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42 
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22 


13 

80 

13 
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22 
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21 

27 
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13 
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22 
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27 
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22 

31 
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12 
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22 


43 

80 

12 
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27 

27 

52 
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27 

27 
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27 
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The (luta, while concliisivo, do not appear to be entirely consistent in 
every particular. Some deviation should be expected since the figures 
on head differentiat ion were obtained from plants that were destroyed 
and the figures on anthesis and leaf number from other plants that 
grew to maturity. However, the larger number of leaves produced 
by feterita than l)y other varieties in the same length of time is typical, 
as was shown by vSieglingcu* (7). 

Every first geiuu’ation hybrid differ(Uitiat(»d its head along with its 
sensitive parent. The chara(‘.teristic of l)eing sensitive to short 
photoperiod, therefore, acts as a domijiant. The oidy hybrids that 
approached the nonsensitive parent in lateness of head differentiation 
were those with two nonsensitive parents. 

DISCUSSION 

It is assuimal that sensitivity to photoperiod indicates that the ther- 
mal reciuirements of the vari(dy have been imd . Likewise, it is assumed 
that the various degrees of insensitivity indicate that the thermal 
reciuiremcuits hav(* l)(*(‘n m(‘t only partially or p(*rhaps not at all. It 
It was with this idea of sensitivity to photoperiod in mind that the 
sorghum varieties included in this study were classified into sensitive 
and nonsensitive varieties. A variety is considered to be sensitive, 
th(Mefor(‘, if, under lO-hour jdiotoperiods, it differentiates its head, 
or is llorally inducted, in about 21 to 23 days. It is realized that the 
number of days would vary slightly if elements of the environment 
oth(M* than t)lK)toperi()d are varialde. 

Sin(*e Texas milo is a later maturing variety than wSooner milo, 
administering lO-hour ])hotoperiods reduces the time to first anthesis 
by approximately 20 and t) days respectively. This difierence is not 
considered to bt‘ dm* to a diffen'iice in sensitivity but comes about as 
a r(*sult of the fact that Texas milo ami Sooner milo have different 
critical photojx'riods. If this assumption is true*, critical photoperiod 
and sensitivity to photop(»riod are distinct manifestations. The 
difi'en'iices in maturity and adaptation that characterize the early 
and late maturing strains of a variety and that rt‘sult from differences 
in critical photojieriod an* r(*asonably well und(*rst()od, but the differ- 
ences in maturity and adaptation between sorghum varieties that result 
from difference's in sensitivity to photoperiod are not w^ell understood. 
Differences due to unlike critical photoperiods are such as those 
between Texas and Sooner niilos or between Kalo and Early Kalo; 
differences elm* to unlike* sensitivity to photoperiod are such as those 
between Sooner milo ami Blackhiill kafir. Differences in critical photo- 
jieriod differentiate b(*tw’een strains of a single variety, wdiereas 
differences in sensitivity differentiate between varieties. The three 
Ma genes whose inheritance* has been worked out in milo (5) all in- 
fiuc'nce the critical photoperiod. The inheritance of a gene or genes 
that influence sensitivity to photoperiod has not been reported, but 
the differences in inherit ance*, are not simple as in the e‘ase of genes that 
influemce critical photoperieiel. 

It w^as eibserveel in this and ])re*vious studie*s that once a head is 
initiate*el, the size of ])lant or time to anthe*,sis was fixed even though 
the plants were^ not subje'ct to short photoperioel after head initiation. 
The treateel plants produeieel normal spikelets that, bloomee! normally 
and prodiu'enl a normal set of seeds. 
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Till(‘riiig wfts greiitJy n'diKiod by sliori-pholopt'i’iod Ijratmonl. As 
sliort-pliot<)[)('ri()d tmitiniMit was disconiijuK'd after flora] initiation, 
many plants of tillering varieties tillen^d ev^en at tliat- late stage. 
Such tillers wen^ not affected by the factt thai t he main ])lant had l)een 
florally indii(*ted l)ut grew into large tillers similar to those that develop 
normally. 

Another observation of interest is that in an occasional plant, 
induction of flow(U‘ing was delayiHl a day or two as compared with 
other plants of the same variety. If sliort-photoperiod treatment 
was then discontinued, a plant not florally indu(*ted would continue 
to lay down leaves and would develoj) into a plant that, to all appear- 
ance, had nevei* Ixmui subject to short photojieriods. 

SUMMARY 

NinetcMUi sorghum varieties and 21 first gemu-ation hybrids wen* 
grown from midsummer plantings at Chilli(‘oth(*, Tex., and sulijected 
to both normal and lO-hour photoperiods. 

Sorghum is a short-day s])(‘cies, but the vari(*ti(‘s in this study ex- 
hibited diflenuices in s(‘nsitivity to 10-hour photoperiods. Most 
varieties, including the milos, kalos, b(‘garis, feteritas, (^ilifornia 
White durra, Bonar durra, Bonita, shallu, and Fr(*ed wen* sensitive*. 
Manko was a little* le*ss se*nsitive than the‘se varietie*s but was more* 
sensitive than Blackhull kafir, Sumac, Bishop, anel Leme)n Ve*llow. 
llwarf broome'orn in both ye*ars and Ti'xas Blackhull kafir in the 
se*ce)nel year weue* unresponsive to the sheut-day tn*atme*nt. 

All first ge*neration hybriels were haste*ne*ei in maturity when sub- 
ject(*d to 10-hour photo])eriods if one parent was sensitive*. Sensi- 
tivity to short photopeu’iod, therefore, is a eleuninant charact,e*ristic. 
Hybrids that were relative*ly insensitive* to she)rt phe)toperioels always 
had two relatively nonsensitive parents. 
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JRREGUMRITIES IN A HYBRID BETWEEN TRITICUM 
DURUM AND T. PERSICUM ‘ 

liv liUTHKit Smith 

Forni(‘rly associate gmeiicist, Division of Cereal Crops and Diseases, Bureau of 
Plant Indusiuj^ Soils, and Agricultural Engineering, Agricultural Hesearch Adminis^ 
trot ion, United States Department of Agriculture 


INTRODUCTION 

It is ratluT peiKH’ally l)(‘liovocl tliat, with the oxri^plioii of crosses 
inyoh^ing Triticuw timopheeri Zhuk., liyl)rids Ixdween species of wlu^at 
with the sariK* mini])cr of clironiosom(\s are about as normal as indi- 
viduals of the panmt spcci(‘s. lJo\v(‘ver, s(‘veral writers, including 
Aase, ^ Thompson and Robertson,^ ami Jlosono, ^ have reported 
irreguhiriti(‘s in c(‘rtain hybrids. During 1941 and 1942 the writer 
observed various abnormalities in 07 plants of a hybrid l)etwe(‘n two 
spe^cies of tetraj)loid wheal at. Cohunlna, Mo. Th(‘se irn^gularities are 
bri(*lly d(‘scribed her(‘in. 

MATERIAL AND METHODS 

Th(‘ s])ecies of \\h(*at iise'd in th(» cross were Triticuw durum Desf. 
(a~14) variety Kubanka and T. persicuw \'av. (//--14). Most of 
lh(‘ obs(*rvati()ns w(U'(‘ made' on plants of the pare^nts and the hyl)rid 
started simultaiu'ously in a grea'iihouse' in early I)e(‘e‘mber 1941 ajid 
in euirly Fe'bruary 1942. 

CVtedogie'al ed)S(‘rvatie)ns were' made on acetoeairmine smears made 
peTinane'nt. by a tertiary butyl alcolml metheal descri[)ed by Se'ars. ^ 
J^he)tomicrograi)hs we're' taken of tlu'se pe'rmanent jn'cparations and 
of fresh pe)llen staiiu'd with an a(|uee)us sedutioii e)f iodine. 

MACROSCOPIC AND MICROSCOPIC OBSERVATIONS ON PARENTS 

AND HYBRID 

The j)are'nts ami P", ])lants ele'vele)])e'd at about the same rate. At 
maturity tl)e height, iiumlx'r e)f culms, and seed productimi of eaedi 

* Ren*ive(i for piihlical ion May 12, 1917. This work was carried out in coop- 
eration witl) the Missouri .X^ricultural Experiment Station. Contribution from 
the Fu‘l(l Crops l)(‘])arlment, Missouri .Vsricultural Experiment Station, Journal 
S(‘ries Paper \o. lOlti. 

2 AaSE, If. C. eYTOnor.Y of TKITie’CM, SE(’ALK. \XI) AKOILOPS lIlRlilDS WITH 

UKFEUKNCK TO PHYLooEW. Wash State Col., Res. Studie's 2: [1] 60. illus. 
1930. 

"i'noMPsoN, \\. P., and RoBEUTseiN, H. T. cYTonooirAU luuEoi lmuties 

Ii\ HYBltlDS BETWEEN SPECIES OF WHEAT WITH THE SAME (’HUOMOSOME xM MBEtt. 

Cyt()lo^<ia 1: 252 262, illus. 1930. 

HosONO, S. KAKYOOENETISI’HE STCDIEN BEI UEINEN AKTEN CND BASTARDEN 

HER EMKRREiHE. 1 . REiFCNosTEii.i N(JEN. Jap. Jeuir. Bot . 7: [301]-322, illus. 
1935. 

® Sears, E. R. chromosome pairino and fertility in hybrids and amphi- 
DiPLoiDs IN the TRiTK’iNAE. Mo. Agr. Expt. Sta. Rcs. Bui. 337, 20 pp., illus. 
1941. 
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plant wore rooordod. Tliost^ data, sununariztul in table 1, give little 
indication of heterosis in the Fj plants as measured by the three 
criteria. The scu'd production of the F^ plants was even less than 
that of the parents. The r('du(‘tion probaldy was diK' to the greater 
sterility of the hybrid plants. 

The relative f(»rtility of the 2 species and the F, hybrid is shown in 
table 2. Th(‘ hybrid ])lants had 3 times the piuTentage of stcuility 
of Tntkutn persicutn and more' than 10 times that of T, durum. 


Tahlk 1 . — Average height, namher of calms, and seed prod action of plants of 
Tnticam durum, T, persicum, and the Fi hybrid 


>t(K*k 


T. durum 

T persicum... 

T. durumXT. persicum . 


Plants 

ObMTVCd 

lIciKht 

Ciihiis 

Sml 

prodiiciHl 

A umber 

('entimelfrs 

Number 

Grams 

13 

127 

A 7 

fi fifi 

12 1 

107 

0 9 

fi 9fi 

12 

120 

T) 7 



Tablk 2. — Fertility of plants of Triticam durum, T. per.sicum, and the F\ hybrid 


Stock 


T. durum . 

T pcrstcurn 

T. durum X T persicum 



I rUiTits • 
' ohscTv C<1 i 


Klort'l.s 


Wjth'<ccds [ Without seeds 


Su mher 
(> 
H 
0 


Number i Otreent I Number 
010 1 98. 1 I 12 

MO I 92. H I <»/) 

IKK 78 T) I 100 

! I 


l*errrnt 
1 9 
7 2 
21 


Observ. ^ on mature polhui revealed a similar i*elation. About 
39 percent 01 the pollen in the hybrid plants was visibly dt'fectiye as 
compared with 1 1 percent in Trliicum persicum and 5 jiercent in T, 
durum (fig. 1 and table 3). 


Table 3. — Pollen counts on plants of Triticum durum, T. pet'sicam, and the Fi 

hybrid 


Stock 


T. durum 

T, persicum.. . 

T durum X T. persicum 



Pollen cniins hll<*d w ith starch as indicated 


Plants 







ol).s«*rvcd 

Well filled 

Partially filled 

Empty 

Number 

Number 

Percent 

Number 

Percent 

Nu rnber 

Per Cl nt 

.3 

1, IS.'i 

94 fi 

21 

1 7 

ffi 

:{ 7 

2 

H29 

89 1 

14 

1 b 

87 

9 -1 


997 

fit) fi 

149 

9 1 

499 

.30 .1 


Cytological observations on microsporogenesis rev(ud(*d irregulariti(»s 
in the Fj plants (table 4). Tin* most conspicuous abnormality was a 
quadrivalent which was present in each pollen mother cell (fig. 2). 
In about one-third of th(' pollen mother cells the quadrivahuit 0 (*curr(‘d 
in the form of a chain. From tin* observations of Thompson and 
Thompson ® it appears that th(^ greater st^^rility in the hybrid (table 2) 

® Thompson, W. P,, and Thompson, M. G. reciprocal chromosome trans- 
locations WITHOUT SEMI-STERILITY, ('ytoloj^ia (Fujii Jubilaei Vol.) 1937: 
336-342, illus. 1937. 



lu(Ji uh 1. Mutur(‘ pollen s1ain(‘(i with iotliiu*: A, Triticum ^iybrid 

{T. durum •' T. pvrmvum). Note that. tli(‘ pollen Rrains of vl^/iybrid were 
smalkT and 1 hat a ^r<*a1er i)n;purtion of them were ineoin])letely filled or einptt’. 
> 70. 

"I'mu.k -1.- i'ntologicul ohan vuhous on nuiosis in Tutivum durum, T, persirutn, 

und the V\ hybrid 


Micr{»s|><)r()<'> tc^ with arraiim'niont of chroiiioMmics a.s 
iinlicutfd 


l^uiirtrls With niicronuck‘1 


ojH'ii hi\ til('iiti» 


.■nn„...n.sl 


' 0 

1 

1 

<2 

.{ 

4 

(t 

1’ 

(» 

1 

(» i 1 1 2 

1 3 

j A um- 

A um- 

Nu m- 

Nurn- 

A MW- 

A' u m- 

Num-\Num- 

Num- 

xV u w- N um-\ Nv m- 

1 A’«w- 

1 (h'T 

her 

h(r 

her 

her 

her 

her 

her 

bet 

her her ] her 

her 

T (luruiH 1 

\H 


0 

0 

(Mi 

0 

(Mi 

0 

m 11 1 0 

1 « 

T prrsicum ; l.t j 
T.dnnnn X 

\ 22 

1 T 

1 


1 

4(i 

0 

l(i 

0 

49 j 11 

1 

: 1 ; 
i 

1\ perHh 


1 







1 

1 

enm 2(1 

1 

l» 

1 

i 

i 

1 1 

1 

(i7 

2 

(1 

(it) 

4r) 1 

1 



probably caiiiiot bt' attributed to the quadii valent. Open bivalents 
also were more common in the hyi||ii|||^an in the parents (1.3 per cell 
as compared with 1.1 per celLm^mJct^/a vcrsicum and 0.55 in T, 
durum), Ihiivalents were rare ii»he hybrid, but none was observed 
in the parent species. There was no indication of inversions in the 
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chromosonu's of tho F, plants. Mirronudoi in tin* ciuartots rosultin^^ 
from the socond meiotic division wrro about equally fr(*qii(»nt in 
T. perfiicvm and tho Fi (table 4). In both tli(\v W(‘r(‘ about four limes 
as freqinmt as in 7\ durum. 



Kkii'UE 2. .1,. mol luT (‘(‘11 of Tritirttm ihinnn at first loriolio jni'tapfiaso. 

Note* the 14 clos(‘(i hivalonis and tlx* liny fra^nxxit (arrow) which was alM> 
n'gularly present in this plant. P, ]*oll(*n mot h(‘r cell of T.duimn * T.pernirfnn 
at first meiotic metaphase. Note tix* chain (inadrivalent and the* 12 bivalents, 
of which 1 IS open. (\ I’ollen motherc(‘ll from t he sanx* individual as /f, showing 
a ring quadrivalent and 3 ojx*?! bivalents ;• 850. 

A frapiKMit similar to that in h^urt* 2, .1, has btxui obst*r\(‘d by the 
writer ^ in common wheat. 

In addition to the irn*^ulariti(*s inentioiKMl, th(‘r(‘ wt*re other but 
less definite abnormaliti(*s in the plants. AI(‘taphas(‘ plat(‘s W(‘r(* 
not neat and orderly. Th(‘ chroniosom(‘s wtut* not well-defined and 
r(*j::ular in outline, and the bivalents and th(‘ anaphast* chromosomes 
were frequently stuck together. In f^eneral tin* pollen mother c(*lls 
of the Fi plants pr(*s(*nte(l a mon* disordtM’lv appearaiuu* than those of 
th(‘ parent plants, although ia4>:f>:in^ and loss of chromosomes or 
formation of bridge's at first anaphase did not appcuir to lx* any more 
freqiKUit in tlx* hybrid plants than in the pai-ents. 

DISCUSSION 

It is (*vidi*nt that tin* stocks of Triticum durum and T. perslcum 
used in this study had difr(*r(*ntiat.(*(i in other ways than morphologi- 
cally. It would b(* surprising if this were not so. In most cases the 
accumulation of diff(*rences that charact(*riz(* th(‘se and otlu'r sp(*cies 


^ Unpublished observation. 
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could tak(‘ place only if aid(»d by f^cographic or genetic isolation. This 
differentiation exhibited its(»lf in chromosomal irregularities, partial 
sterility, and possibly other irregularities in the hybrid plants. Such 
disorders piobably act with linkages in interb'ring with the transfer 
)f charact(Tistics such as (juality, disease resistanc(?, winter hardiiK'Ss, 
iMid yield from on(‘ sp(H‘i(‘s to anollnu*, even though the sp(?cies hav(‘- 
the same numlx'r of chromosomes. 

In a numlx'r of respi'cts Trifievm persicum was int(‘rmediat(» betwecui 
7’. durum and their hybrid. 7’. persicum had mon^ (hdective pollen, 
greater sterility, and a higher fre(|U(Uicy of m(‘iotic irr(*gulariti(»s than 
7\ durum. The irr(»gulariti(‘s in T. persicum and the hybrid wen', 
probably du(' to both g('netic and physiologic causes. 

Th(' appai i'ut abs('n(*(‘ of luderosis in this sj)eci(*s cross is of interest* 

SUMMARY 

Observations on plants of a hybrid between two tetraploid specie's 
■)f wheat {Triticum durum, and T. persicum) reve'aled a number of 
irregularities, although the number of chromosomes in the' two spc'cies 
was the same. Mi'iotic abnormalities included a quadrivalent and 
other but less n'adily analyzable peculiarities. Plants of the hybrid 
<*xhibited no ('vide'iice of heterosis and we're partly sterile, pOvSsibly 
bee*ause of physiole^gic as we'll as gene'tic fae*tors. It is probable that 
such irre'gularitie's in hyl)rids betwe'cn spe'cie's with the same number 
of chromosome's ai*e more' common than is ge'nerally ree'ognize^d. 
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